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It is important that the Panel on Cold Fusion of ERAB gathers all possible 
information on the positive and negative claims of tritium production in 
electrolytic cells in which solutions of LiOD in D 2 0 are electrolyzed with 
Pd(Ti) electrodes. Whatever information you can supply will be greatly 
appreciated. In particular, please address the following points, inter alia: 
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Co-Chairman, ERAB 
Panel on Cold Fusion 





Washington 
State University 

Department of Physics, Pullman, Washington 99164-2814 , 509-335-9531 


John R. Huizenga September 20, 1989 

Co-Chairman, Cold Fusion Panel 

Energy Research Advisory Board 

Department of Energy 

1000 Independence Avenue, SW 

Washington, DC 20585 


Dear Dr. Huizenga: 

Enclosed please find a summary of my past and present research on cold fusion. My 
report is a little past your deadline, but I hope it will still be useful to the ERAB. 

There are three copies of the summary, and attached one copy each of two manuscripts 
describing novel theories of fusion processes. 


Sincerely, 

Gary S. Collins 

Associate Professor of Physics 

Phone: (509) 335-1354 
Bitnet: Collins @ WSU VMS 1 








SUMMARY OF PAST AND PRESENT RESEARCH ON COLD FUSION 


Gary S. Collins 

Department of Physics 
Washington State University 
Pullman, Washington 99164-2814 

(509) 335-1354 

September 20, 1989 

(Submitted to the Energy Research Advisory Board, DOE) 


T his report describes activities of myself and my coworkers at Washington State University 
from April to the present. Two speculative theories of new types of fusion processes were 
developed by a group of faculty in the Physics Department. Fleischmann-Pons 
experiments with a group of students are just now beginning. Related experiments are 
also summarized. 


FUSION THEORIES 


1. Neutron Tunneling Between Neighboring - Li Nuclei in Solids. 

by Gary S. Collins, John W. Norbury, Gerald E. Tripard and James S. Walker (original 

version dated April 16; the attached version dated May 18; unpublished). 

We proposed that Li atoms may become concentrated electrochemically within metal 
cathodes in Fleischmann-Pons type experiments, and that neutrons may tunnel between 
6 Li nuclei. Nuclear criteria identified as important for the tunneling mechanism are a 
large neutron capture crosssection, a small neutron separation energy and large Fermi 
motion energy fluctuations of neutrons in the nucleus. All three criteria are satisfied by 
6 Li. There are two principal reactions: 

6 Li + 6 Li -*■ 7 Li + p + a (Q= 3.550 MeV), and (1) 

6 Li + 6 Li -*■ a + t + p + a (Q= 1.082 MeV). (2) 

Depending on the branching ratio, there could be "clean fusion" or copious production of 
tritium. Predictions of the theory are that: 

i. Enthalpy generation should be proportional to the 6 Li isotopic abundance squared. 
For pure °Li, it should be enhanced by a factor of 180. 

ii. Enthalpy generation should be insensitive to use of FLO, D 2 0 or T^O. 

iii. Reaction products should include large quantities of "Tie and, possibly, tritium. 
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2 . Deuteron Tunneling at Electron-Volt Energies , 

by Gary S. Collins, John W. Norbury and James S. Walker (original version April 29; later 
version presented as a poster paper at the Workshop on Cold Fusion, Santa Fe; the 
attached copy will appear in the Proceedings of the Workshop). 

We proposed a new mechanism for d-d tunneling and fusion made possible by high 
densities of atomic or conduction electrons at nuclear sites in cold fusion experiments, 
unlike in accelerator experiments. It is proposed that the ground state or 20.1 MeV 0 
state of 4 He can be created from the combined d + d state by an electron-conversion 
process, in which the excess energy of the 23.84 MeV combined state is given to an 
electron. There are two reactions: 

d + d + e' - 4 He (g.s.) + e' (K=23.8 MeV), and (3) 


d + d + e' -*• 4 He (20.1 MeV state) + e' (K= 3.7 MeV), (4) 

with the second reaction followed only by 

4 He (20.1 MeV state) -> t (K= 0.08 MeV) + p (K= 0.23 MeV). (5) 

Assuming that conversion probabilities vary as for the L=0 internal conversion process, 
The branching ratio would be 99% for reaction (4), followed by reaction (5). The theory 
predicts copious production of tritium, energetic electrons and Bremmsstrahlung, but no 
neutrons. 


FLEISCHMANN-PONS EXPERIMENTS 


To test predictions of the above theories, FP type experiments were attempted beginning 
at the time of the Workshop. Following discussions at the Workshop, we decided to carry 
out experiments using closed cells in order to (1) allow reaction products such as He to 
build up over time to high concentrations, and to (2) eliminate uncertainties that partial 
recombination of gasses might be taking place within the cell or that enthalpy might be 
carried off by evolving gasses. We have expended much effort up to the present time to 
build closed cells using the idea presented by M. E. Hayden et al., University of British 
Columbia at the Workshop. In Hayden’s design, a Pd metal catalyst is used to recombine 
the D 2 and 0-> gasses within the cell. According to Hayden, the catalyst could initially be 
heated to "activate" the surface, and the heating source later be turned off. 

We found that design of a closed cell able to operate for weeks at varying power levels was 
not trivial. Self-heating of the catalyst to a visible glow appears essential for stable 
operation. The catalyst tends to stop working at low currents when the glow cannot be 
sustained. The catalysts also do not work well above 40-50 °C, presumably due to high 
water vapor pressure and surface coverage. Other catalysts were studied, but we found Pd 
to work better than Pt, Pt black or Rh. Our design, now optimized, uses a funnel like 
Hayden’s. The funnel is positioned with its lower edge immersed in the electrolyte, so that 
mostly H z gas is collected inside the funnel and mostly 0 2 gas outside. A stream of H 2 gas 
is directed from the orifice of the funnelonto a Pd filament strip made by Patterning a 0.25 
mm diameter Pd wire. Finally, our cells have been constructed of teflon to avoid leaching 
wall materials into the electrolyte. 
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Closed-cell experiments will begin soon using 0.32 cm diameter by 1.2 cm long Pd rods as 
cathodes. We will observe the following: 

(1) Enthalpy generation . Heat output will be measured using a flowing-water 
calorimeter capable of resolving enthalpy generation with 1% precision at cell powers of 


(2) Gamma-rav emissions . Gamma spectra will be continuously recorded using 5x5 
cm Nal scintillators, enabling a search for radiation from neutron capture in the Nal 
crystals or in absorber sheets like Cd. 

(3) Reaction products . Once there are any indications of anomalous cell activity or 
gamma production, samples of the electrolyte and gas in the cell will be analysed for 
tritium and helium isotopes. 

This experimental work is being carried out with the assistance of graduate student Steven 
Parry, several undergraduates, and support for supplies from WSU’s Research Office. 


Concentration of Li in metal cathodes . At the Workshop, I reported observations 
which suggest that Li may be concentrated in/ on cathodes: After electrolysis using a Pt 
(not Pd!) cathode and LiOH electrolyte for 24 hours, current was cut and the Pt was 
immediately immersed in liquid nitrogen. Color changes from silvery metallic to yellow- 
brown to black were observed within 2 minutes which suggested that the surface was 
reacting chemically at 77 K. As a possible explanation, we suggested that Li might be 
concentrating in/on the samples, and reacting (with nitrogen?) after cutting the cell 
potential. Subsequent to the workshop, neutron activation analysis carried out at WSU on 
the Pt cathodes confirmed the presence of 7 Li in the range 1-10 atomic %. These 
experiments were carried out with graduate students Steven Shropshire and Jiawen Fan, 
and minor support from the National Science Foundation under grant DMR 86-19688 
(Metallurgy Program) 


Atomic-scale studies of vacancy defects in Pd. In my talk at the Workshop, I 
speculated that fusion reactions might take place within lattice vacancies in the Pd 
cathodes. A search was made to detect trapping of mobile vacancy defects at 1 1 1 In probe 
atoms in Pd metal. Two complexes were observed to form with 1 1 Hn probes during 
annealing near 300 K using the technique of perturbed 7-7 angular correlations. The first, 
with a coupling frequency cj q = 79 Mrad/s, is identified from other work as due to a 
trapped monovacancy. The second, observed for the first time in this study, with w Q = 167 
Mrad/s, is possibly due to a trapped divacancy. Partly because of poor signal-to-noise 
ratios, experiments have not yet been carried out to decorate the vacancy clusters with 
hydrogen atoms. These experiments were carried out with physics senior Phillip Himmer 
and support of the National Science Foundation under a REU supplement to grant DMR 
86-19688 (Metallurgy Program). 
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NEUTRON TUNNELING BETWEEN NEIGHBORING 6 Li NUCLEI IN 

SOLIDS 

Gary S. Collins, John W. Norbury, Gerald E. Tripard, and James S. Walker 
Department of Physics, Washington State University, Pullman, WA 

99164-2814 

May 18, 1989 

PACS-88 numbers: 25.70. Jj, 66.30. Jt, 82.45. + z 
ABSTRACT 

As a possible explanation of recent reports by Fleischmann, Pons and 
Hawkins and by Jones et al. of nuclear reactions taking place in 
electrochemically charged metals, it is proposed that Li becomes 
concentrated in the metals by electrochemical forces and that neutrons 
tunnel quantum-mechanically between neighboring 6 Li nuclei. Nuclear 
criteria leading to this behavior include a large neutron capture cross- 
section, a small neutron separation energy, and large Fermi motion energy 
fluctuations of neutrons in the nucleus. 



2 


Recent reports of nuclear fusion taking place in hydride-forming metals at ambient 
temperature are of great interest.[l,2] Common features of these two experiments are as 
follows: 

1. Possible fusion reactions occur in or on hydride-forming metals, such as Pd. 

2. Evidence of fusion was detected in electrochemical cells, with Pd as a cathode. 

3. Li was a cation impurity in electrolytes of both experiments.[l,2] 

4. Small numbers of neutrons were observed to be emitted from the cells, strongly 
suggesting that nuclear reactions are involved. 

However, neutron emission rates reported[l] by Fleischmann, Pons and Hawkins (FPH) 
were about 10 8 times smaller than expected from the observed enthalpy generation, 
assuming the principal reactions were d + d -*• 3 He + n and d + d -*• t + p.[3] Therefore, 
operative reactions have been a mystery. 

In this letter, we examine the possibility that Li is involved in the principal reaction 
mechanisms. We propose that neutrons tunnel between 6 Li nuclei, thereby avoiding the 
necessity to overcome the huge Coulomb barriers associated with charged particles. [4] 

We argue that 6 Li and 7 Li atoms are concentrated electrochemically in/on the 
cathode in much the same way as are H or D atoms, as follows: 

1. By use of a strongly basic electrolyte, LiOD, FPH[1] made Li + the principal positive- 
ion species in solution. Indeed, 0.1 M LiOD in D 2 O leads to ion molarities of —0.1 M 
Li + and -10' 13 M D + . Therefore, the electrochemical ion current could well contain a 
contribution from Li + . The fact that Jones et al.[2] observed lower fusion reaction rates 
might be caused by their use of an acidic solution. 

2. With a radius of 0.68 A, the Li + ion is small, indicating that electrodeposition and 
subsequent diffusion similar to hydrogen might be expected. Li might deposit as a surface 
layer and/or diffuse into the lattice like H, although more slowly. 
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3. To understand the long "incubation" times, of weeks, reported by FPH prior to 
observing energy generation, we propose that Li must be concentrated in/ on the cathode 
in order for reactions to commence.[5] 

4. Direct evidence for Li concentration in/on Pt cathodes comes from preliminary 
experiments carried out at Washington State University: [6] (a) the pH of a 1 M LiOH 
solution decreased from ~ 14 by 4 units during electrolysis over 24 hours at a current 
density of 20 mA/cm 2 . (b) Within minutes following 24-hour electrolyses using Pt 
cathodes and 1 M or 0.1 M LiOH electrolytes, and after prompt immersion in liquid 
nitrogen, the cathode surfaces were observed to become discolored, turning first brown 
and then black. To explain these remarkable color changes, we can only conceive of a 
chemical reaction involving Li, such as oxidation or nitridation. 

The nuclear properties of 6 Li are unusual. It is useful to consider it as a loose union 
of a deuteron and an a-particle,[7] with a binding energy of only 1.475 MeV (see fig. 1). 
This leads to unusual properties in 6 Li + 6 Li scattering.[8] Also, 6 Li has a large thermal 
neutron capture cross-section, a c (n,a) = 942 b.[9] The separation energy of the least 
bound neutron in ^Li, calculated from ^Li -* a + d and d -*• p + n, is 3.700 MeV, a relatively 
low value. 

In light of the large neutron capture cross-section and weak neutron binding of 6 Li, 
we propose that a neutron from one 6 Li tunnels to a neighboring 6 Li in the condensed 
state, thereby avoiding the Coulomb barrier. There are two principal reactions: 

6 Li+ 6 Li -» 7 Li+ p-i- a (Q= 3.550 MeV), and (1) 

6 Li+ 6 Li -+CH- t+ p+ a (Q = 1.082 MeV). (2) 

There is already substantial evidence of sub-Coulomb tunneling processes occurring 
between nuclei separated by distances much larger than the nuclear radius. Neutron 
tunneling and proton tunneling were first proposed by Breit and Ebel[10] as mechanisms 



to explain cross sections observed by Reynolds and Zucker[ll] for the reactions 
14 N( 14 N, b N) 15 N and ^N^N.^C) 15 ©. As a second example, May and Clayton[12] 
suggested neutron tunneling as a mechanism in the astrophysically important reaction 
3 He( 3 He,2p) 4 He, which is relevant to the 8 B solar neutrino flux. They emphasized that 
neutron tunneling can be the dominant process at energies below the Coulomb barrier 
when projectile and target nuclei are separated by large distances. 

Depending on the branching ratio between the two reactions, neutron tunneling 
between 6 Li nuclei could lead to clean fusion or copious production of tritium. No free 
neutron emission is expected, however. While the average binding energy of the least- 
bound neutron is 3.700 MeV, fluctuations in the kinetic energy of this neutron will occur 
due to Fermi motion. As shown schematically in fig.2, the instantaneous energy of the 
neutron may fluctuate with a probability distribution P n (E) about the separation energy 
E sep . At times, therefore, the neutron’s effective binding energy may approach zero, 
leading to strong enhancement of the tunneling probability. The fact that the reacting 
species remain at ~ 1 A separations for very long times, on a nuclear time-scale, ensures 
that even very infrequent energy fluctuations up to zero energy can lead to tunneling. This 
concept, of course, also suggests the possibility of neutron tunneling between deuterons or 
other nuclei. As for the deuteron, however, in spite of its lower neutron separation energy, 
2.224 MeV, we believe that the neutron’s Fermi motion should be much smaller because it 
has only one other nucleon with which to share energy. 

If these 6 Li reactions were to occur in electrochemical cells, then there should be 
energetic collisions of reaction products with hydrogen (p or d). The collisions may induce 
secondary nuclear reactions, which could account for the small quantities of neutrons 
observed in the experiments. [1,2] In addition, there is the possibility of neutrons tunneling 
between deuterons. Such tunneling, however, would lead only to d + d -*■ t + p, and not 
produce neutrons. 
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Three simple experimental tests of the 6 Li neutron tunneling process are proposed. 

1. Enthalpy generation should depend on the probability of having two 6 Li nuclei in close 
proximity. Since normal abundance of 6 Li is 7.5%, [8], use of pure 6 Li should lead to 
enhanced enthalpy generation by a factor of (100/7.5) 1 2 = 180. 

2. Enthalpy generation should be insensitive to use of H 2 0, D 2 0, or T 2 0 based 
electrolytes. 

3. Reaction products should include large quantities of 4 He and, possibly, tritium. 

To summarize, we examined the possibility of neutron tunneling between 
neighboring 6 Li nuclei in the context of recent experimental reports of cold nuclear fusion. 
The neutron tunneling mechanism can explain some of the observations connected with 
cold fusion, in particular small neutron production rates. However, our examination has 
been limited: we have not calculated how the reaction rate should vary with distance 
between 6 Li nuclei; in addition, detailed information about the distribution of 6 Li- 6 Li 
distances in the cathodes is unavailable. If one assumes that a high density of Li atoms 
constitutes a solid-state criterion for tunneling, then other materials in which neutron 
tunneling might be observed include LiD, LiH, LiF or Li metal. 

We acknowledge useful discussions with Royston Filby, Phillip Rosenberg and 
Chino Srinivasan, and the assistance of Gayle Norbury and Steven Shropshire. 


1. Electrochemically Induced Nuclear Fusion of Deuterium, Martin Fleischmann, Stanley 

Pons and M. Hawkins, J. Electroanalytical Chemistry 26L 301 (1989), and erratum. 

2. Observation of Cold Nuclear Fusion in Condensed Matter, S. E. Jones, E. P. Palmer, J. B. 

Czirr, D. L. Decker, G. L. Jansen, J. M. Thome, S. F. Taylor and J. Rafelski 
(accepted for publication in Nature.) 

3. Standard abbreviations are used for nuclei: p= 4J, d= 2 H, t= 3 H, a= 4 He, and n = 


neutron. 


4. We realize that other neutron tunneling reactions such as d + d t+pord+ 6 Li -*■ p + 

7 Li are possible. However, because of the unusual nuclear properties of 6 Li, in the 
present letter we examine especially the possibility of neutron tunneling occuring 
only via 6 Li+ 6 Li. 

5. To our knowledge there is no data on Li diffusion in Pd, or, for that matter, most 

metals. However, rapid diffusion of Li in semiconductors is familiar with regard to 
Ge(Li) and Si(Li) radiation detectors, which must be continuously kept at cryogenic 
temperatures to avoid out-diffusion of Li from the lattice. 

6. Gary S. Collins, Steven L. Shropshire and Jiawen Fan (to be published). 
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1970), p. 311. 
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Figure Captions 


Figure 1. Schematic interaction between two 6 Li nuclei in terms of the a + d model of 
nuclear structure. 


Figure 2. Energy diagram of the least-bound neutrons in 6 Li nuclear potential wells, 
schematically showing the probability distribution of the neutron energy about the mean 
separation energy E se p. 
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DEUTERON TUNNELING AT ELECTRON-VOLT ENERGIES 


Department of Physics, Washington State University, Pullman, WA 99164-2814, and 
Department of Mathematics and Physics, Rider College, Lawrenceville, NJ 08648 


electron-volt energies. Appealing to conservation principles, it is shown that deuteron 
tunneling leading to fusion is very unlikely to take place between two isolated deuterons. 

It is argued that in solids, however, tunneling may lead to fusion via a new reaction 
mechanism which populates energy levels of 4 He, with simultaneous energy transfer to an 
electron. Predictions of this theory are that d + d+e" fusion at electron-volt energies in 
solids should lead to copious production of tritium, protium, energetic electrons, and small 
quantities of 4 He. 


Gary S. Collins and James S. Walker 


WA' 



99164-2814 


John W. Norbury 
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a new mechanism for deuteron-deuteron fusion reactions at 


ABSTRACT 
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Recent reports of possible nuclear fusion taking place in metal electrodes at 
ambient temperatures^ 1 , 2 ] known as "cold nuclear fusion, "[ 2 ] have been discussed in 
terms of the following fusion reactions:[ 3 ] 


d + d- 

t + p 

(Q= 4.0 Me V) 

(1) 

d + d -*• 

3 He + n 

(Q= 3.3 Me V) 

(2) 

d + d -*• 

4 He + 7 

(Q= 23.8 MeV), 

(3) 


with branching ratios of approximately 50%, 50% and 0%, respectively^ 4 ] However, 
observed neutron emission rates are ~ 10^ times smaller than expected from the reported 
levels of energy generation^ 1 ] assuming that the above branching ratios should apply. 

It is the purpose of this letter to examine deuteron tunneling at electron-volt 
energies. We find that d-d tunneling at electron-volt energies cannot occur via any of the 
above two-body reactions. This conclusion is valid in the approximation that only S-wave 
interactions are important at these low energies. 

There is already substantial evidence of sub-Coulomb tunneling processes 
occurring between nuclei separated by distances which are much larger than the nuclear 
radius. Neutron and proton tunneling was first proposed by Breit and Ebel[ 5 ] as a 
mechanism to explain cross sections observed by Reynolds and Zuckerf 6 ] for the reactions 
14 N( 14 N, 13 N) l5 N and 14 N( 14 N, B C) 15 0. As a second example, May and Clayton[ 7 ] have 
suggested neutron tunneling as a mechanism in the astrophysically important reaction 
3 He( 3 He,2p) 4 He, which is relevant to the 8 B solar neutrino flux. They emphasized that 
neutron tunneling can be the dominant process at energies below the Coulomb barrier 
when projectile and target nuclei are separated by large distances. In a separate 
communication^ 8 ] we examine the possibility that neutron tunneling might take place 
between neighboring 6 Li nuclei in solids; criteria conducive to this process are a large 
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thermal neutron capture cross section, a small neutron separation energy, and large 
fluctuations of the energy of the least-bound neutron which are caused by Fermi motion. 
The first and third criteria are not satisfied for deuterons, so that the situation is 
fundamentally different for d + d fusion. 

Tunneling in d + d reactions can in principle take place via deuteron tunneling 
through the Coulomb barrier,[ 9 ] via neutron tunneling through the nuclear potential 
barrier, or via proton tunneling through both the Coulomb and nuclear barriers. The 
Coulomb barrier for the deuteron process is ~0.4 MeV high, whereas neutron tunneling 
involves penetration of a barrier of 2.2 MeV (the binding energy of the deuteron). Proton 
tunneling would involve penetrating the Coulomb barrier as well as the 2.2 MeV barrier. 
Since the tunneling probability is a strong function of the product of barrier height and 
width, we conclude that deuteron tunneling is by far the most likely process to occur. 

At low incident energies, conservation of angular momentum and parity in d-d 
fusion reactions leads to different final states than at higher energies. Since the deBroglie 
wavelength of a thermal deuteron is of order 0.2 A, much larger than the size of a 
deuteron, only S-wave interactions between deuterons should be important. As a 
consequence, the conservation laws require that any combined d + d state of spin I = 1 + 
deuterons should have total angular momentum and parity J 7 * = 0 + or 2 + . 

When a deuteron with bombarding energy of the order of electron-volts tunnels, it 
can lead either to a direct reaction with particle emission or to formation of an excited 
intermediate state of a 4 He nucleus, with an excitation of 23.847 MeV.[ x °] However, 
neither of these is possible here, as follows: The cross sections for direct reactions leading 
to n or p emission approach zero at 23.847 MeV;[ x 1 ] There are no positive-parity 
resonances close to 23.8 MeV (see figure l).[ x 1 , 1 2 ] Thus, it appears to be impossible for 
tunnelling of thermal deuterons to lead to fusion. 
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Accepting recent claims that nuclear fusion does take place in condensed matter at 
ambient temperatures, however, we are led to consider novel reaction mechanisms. 
Specifically, we propose a mechanism by which states of 4 He below 23.847 MeV might 
become populated even though there may be negligible overlap between the 23.8 MeV 
excitation energy and states of 4 He. Examination of figure 1 shows that there are no low- 
lying 1 + or 2 + states of 4 He, from which we conclude that only the combined d + d J 71 = 

0 + state can lead to fusion. f 1 3 ] Considering first 7-ray processes, excited states of 4 He 
should only be populated directly by simultaneous creation of a photon, as in p(n,7)d. 
However, selection rules forbid photon creation when the initial and final nuclear states 
both have spin zero, as is the case for the ground and first two excited nuclear states of 
4 He. Direct population of the only other accessible nuclear level, the 1=2" state at 22.1 
MeV, would require an M2 transition with energy 1.7 MeV. We consider this process to 
be improbable owing to the high multipolarity; however, observation of 1.7 MeV 7-rays 
would be of great significance. With the exception of this improbable M2 transition, and 
ignoring P-wave interactions, we conclude that two-body d + d fusion reactions cannot 
occur at electron-volt energies. It therefore is not clear how cold fusion of deuterons 
might occur. 

In our opinion, resolution of this mystery lies in the condensed-matter environment 
of the deuterons, and specifically in the presence of a high density of atomic or conduction 
electrons at the deuterons’ locations. By contrast, in accelerator experiments all nearby 
electrons are likely to be ionized or excited to high-energy atomic or molecular states by 
impulsive Coulomb forces produced during approach of the projectile nucleus, so that 
electron densities at the nuclear sites can be expected to be very small compared with Is 
electron densities. 

We propose the following electron-conversion reactions: 


d + d + e" -*■ 4 He (ground state) + e" (K= 23.84 MeV), 


( 4 ) 



d + d + e‘ -*• 4 He (20.1 MeV state) + e" (K= 3.7 MeV), 


( 5 ) 


with the second reaction followed only by[ll] 

4 He (20.1 MeV state) - t (K= 0.08 MeV) + p (K= 0.23 MeV) (6) 

because the 20.1 MeV excitation is below the threshold for neutron emission. There is 
obvious similarity between reactions (4) and (5) and internal conversion processes 
between 1= 0 states (see, e.g., ref. 4), although here the initial, combined d + d state is not 
a nuclear eigenstate. Conceptually, the tunneling and electron-conversion processes may 
be thought of as taking place simultaneously. Assuming that the electron conversion 
probabilities vary here as AE' 5 / 2 , in the same way as for internal conversion of L=0 
multipolar transitions, [ 14 ] branching probabilities of reactions (4) and (5) should be 0.97% 
and 99.03%, respectively. Thus reactions (5) and (6) may dominate, leading to copious 
production of tritium, protium, energetic electrons, and, via reaction (4), lesser amounts of 
4 He may be produced^ 1 5 ] 

At present there are only limited experimental data in the literature with which to 
compare predictions from these d + d + e reactions. Observations of very small numbers of 
neutrons in reference 1, when compared with energy production, is consistent with our 
reactions. The neutrons could be produced by secondary reactions between energetic 
particles in the electrodes, leading to conventional nuclear fusion. Neutrons would also be 
produced via the weak M2 transition to the 22.1 MeV level, since the 22.1 MeV level 
decays via neutron or proton emission^ 1 *] The most direct test of our reactions would 
come from measurements of emissions of electrons with energies of 3.7 or 23.8 MeV. 

Such measurements will be complicated by energy losses in materials. 

We are happy to acknowledge conversations with Gerald E. Tripard and George 
Hinman and the assistance of Gayle Norbury, Steven Shropshire and Phillip Himmer. 
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FIGURE CAPTION 


Figure 1. Level diagram of 4 He, with angular momenta and parities at left and energies, 
in MeV, at right. The dashed line indicates the 23.8 MeV excitation energy of the 
reaction d + d -*■ 4 He, and does not represent a state of 4 He. 
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September 21, 1989 


Dr. John R. Huizenga 
Co-Chairman, Cold Fusion Panel 
Energy Research Advisory Board 
1000 Independence Avenue, S.W. 
Washington, D.C. 20585 

Dear John: 



I am enclosing an additional response to your cold fusion request 
which should be incorporated into Brookhaven’s package. This material 
was received in my office yesterday, September 20. I hope this does not 
cause any inconvenience to you. 
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Sincerely, 

'"tv* A- 

N. P. Samios 
Director 
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MATERIALS USED IN COLD FUSION EXPERIMENTS 


PRINCIPAL INVESTIGATOR: 

Dr. Min Chen, Professor of Physics, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 

ORGANIZATION: 

Massachusetts Institute of Technology and Brookhaven National Laboratory 

SHORT DESCRIPTION OF TYPE OF EXPERIMENT; 

Measurements of Neutron Emission Induced by Muons Stopped in Metal Deuteride 
Targets 


RESULTS AND COMMENTS: 
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An 80 MeV/c negative muon beam 'from the Alternating 

khaven N; 


Gradient Synchrotron at Brookhaven National .Laboratory was 
used to investigate the stopping of muons inside Pd, Ti and Y 
targets saturated with deuterium. Neutron emission from the 
targets was measured with an array of 3 He detectors, and in 
some runs, the temperature of the target was monitored as a 
function of time, with and without a flux of muons on the 
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target. The neutron rates were also measured for Pd cathodes 
in an active electrochemical cell similar in design to those 
used in so-called "cold fusion" experiments, and the 
electrolyte solution was analyzed for excess tritium. No 
evidence was found for muon catalyzed fusion at rates 
consistent with those claimed in "cold fusion" experiments. 
Neutron production from catalyzed fusion due to the presence 
of deuterium in palladium deuteride, PdDo. 7 , exposed to muons 
was determined to be 0.0 ± 0.03 (stat.) ±0.25 (syst.) 
neutrons per stopped muon. 


I. MATERIALS USED FOR 
each experiment) 


electrochemical experiments <pt«*~ »"* 3hMt for 

ANODES 

CATHODES (Corresponding) 


MATERIAL 

PURITY 

alloying 

elements 


Palladium 

Research and investment 
Impurities only 


Platinum 

Laboratory 

Grade 

Wire 

Unprocessed 


SOURCE OF Swiss Bank Corporation and Johnson Mathey 

material 


preparation 
cast or wrought 
annealed 
atmosphere 
VACUUM 

SPECIAL TREATMENT 


Both 

Yes and no 
Yes and no 
Yes and no 

Yes and no 


Yes 


CHARACTERIZATION 
STRUCTURAL 
CHEMICAL Yes 

BEFORE OR AFTER USE Both 

methods 

RESULTS 


No catalyzed fusion neutron production 


NOTABLE 

OBSERVATIONS 

No unknown nuclear or chemical reaction 


D / METAL RATIO ATTAINED -0.7 
EXPERIMENT yielded heat 

NEUTRONS 

TRITIUM 

HELIUM 


yes 

yes 

yes 

yes 


.no 

.no 

.no 

no 


X 

x“ 

x' 

X 



11. MATERIALS USED FOR GASEOUS CHARGING EXPERIMENTS (pleas, complete one she., 
for each experiment) 

Palladium, titanium, yttrium, and vanadium 
Research grade 


Impurities only 


Research/Brookhaven National Laboratory 


See attached paper 

CAST OR WROUGHT 
ANNEALED 
ATMOSPHERE 
VACUUM 

SPECIAL TREATMENT 

Cl IARACTERIZATION 

STRUCTURAL 

CHEMICAL 

BEFORE OR AFTER USE 

METHODS 

RESULTS 

No catalyzed fusion neutron production 


NOTABLE 

OBSERVATIONS 


MATERIAL 

PURITY 

ALLOYING 

ELEMENTS 

SOURCE OF 
MATERIAL 


PREPARATION 


No unknown chemical or nuclear reactions 


D/ METAL RATIO ATTAINED see attached paper 


EXPERIMENT YIELDED HEAT 



X 

no 

NEUTRONS 

yes 

X 

_no 

TRITIUM 

yes 

_ x_, 

.no 

HELIUM 

yes 

X 

_no 



University of Illinois 
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Department of 
Nuclear Engineering 


Fusion Studies Laboratory 


214 Nuclear Engineering 
Laboratory 

103 South Goodwin Avenue 
Urbana, IL 61801-2984 


217 333-3772 


September 22, 1989 


Mr. John R. Huizenga 
Co-Chairman, ERAB 
Panel on Cold Fusion 
United States Department of Energy 
1000 Independence Avenue, S.W. 

Washington, D. C. 20585 

Re: Your letters of July 20 and August 9 


In response to your letter of^Tuly 20, I would like to 
summarize the research that was carried out in the Fusion 
Studies Laboratory on cold fusion. We have attempted two 
types of experiments. The first was a simple electrolytic 
cell of the Pons-Fleischmann type (the details of this cell 
are described in the attached summary submitted as a 
response to your letter of 8/9/89) . Since we were unable to 
obtain positive experiments with this cell and did not have 
explicit funding for the work, we decided to mothball the 
experiment in late July. We now have some thoughts about 
alternate cell designs and are tentatively considering 
starting new experiments this fall. 

The second experiment that we attempted was the use of 
plasma implantation in a palladium rod. This experiment is 
described in the attached reprint (D. N. Ruzic, et al., "A 
Novel Apparatus to Investigate the Possibility of Plasma- 
Assisted Cold Fusion") . Since positive results were not 
obtained with this experiment, it too has been mothballed 
pending further decisions. 

The other effort in the Fusion Studies Laboratory has 
concentrated on select theoretical studies. Most of the 
work has focused on the possible role of the Oppenheimer- 
Phillips reaction and a preliminary presentation was 
presented at the Santa Fe meeting, along with the enclosed 
reprint (M. Ragheb and G. Miley, "On the Possibility of 
Deuteron Disintegration in Electrochemically Compressed D + 
in a Palladium Cathode") . We are continuing work on this 
theory with emphasis on two aspects: 1) An explanation of 

the tritium rates observed in the experiments and 2) 


Dear Mr. Huizenga: 



incorporate it with a collective plasma model to explain 
high reaction rates. 

In conclusion, we have not obtained definitive 
experimental results to date. However our general view is 
that there are some very important physical mechanisms that 
are being observed in a variety of experiments reported by 
others. Thus we hope to be able to maintain a low level 
combined experimental/theoretical program in this area. 


In general, we would agree with the interim report 
conclusion that useful sources of energy will result from 
this discovery but that there remain unresolved issues and 
scientifically interesting questions. Based on this, 
however, we draw a quite different conclusion about what 
should be done relative to future support. Our view is that 
the "unresolved issues and scientific questions" i.e., the 
basic physics deserves a low level but broad research 
support as opposed to restricting funding to "current 
programs." This will greatly diminish the important growth 
of interdisciplinary efforts in this area that are outside 
of the established programs and in our view is just the 
wrong thing to do. If you require any additional 
information, please write or call: Telephone (217) 333-3772; 
Fax: (217) 333-2906. 


Sincerely, 


George H. Miley, Director 
Fusion Studies Laboratory 




GHM : cs 
Enclosures 

P. S. Also, you may be interested to note that Fusion 
Technology, which has an editorial office in the Fusion 
Studies Laboratory, is running reviewed Technical Notes on 
cold fusion. Thus far, ten have been published and 12 are 
pending. 


SUMMARY OF ELECTROLYTIC EXPERIMENT IN FUSION STUDIES LABORATORY 

cf ERAB Letter of 08/09/89 


1. Source of D 2 0: Analytical grade 100 gm buffled D 2 0. 

Specific activity: Not measured. 

2. Additive: LiOH 

3. Electrolytic cell: 2-inch diameter thick-walled test 

tube containing the electrode 

holders; the cathode was made of 
2cm x 5cm x 1cm Pd strip folded into 
an annulus of length 2cm and diameter 
obtainable with 5cm circumference. 

The Pd strip was coated with Pd 
black by electrolysis of 5% PdCls 
solution. The anode was a warmed 
Pt wire kept around a glass rod 
cage, at about a cm from the 
cathode on the outer side. The 
D 2 0 cell was not entirely sealed to 
air. But the cell was nearly sealed 
and kept either in a water bath or in 
a homemade calorimeter in a constant 
temperature bath. The electrodes 
were connected by Pt wire which in 
turn was connected to copper wires 
outside the cell and hooked to the 
power supply. 

4. Operating Conditions: Continuously operated for 3 to 4 

days at a stretch; total run time 
of 3 weeks; voltage was about 15V; 
current was about 1.75 amp. Cell 
critical voltages at which the 
current increases rapidly was 
measured to be about 1.7 -2.0V. 

5. Schedule of D 2 0 About 15ml pure D 2 0 was added once 

Additions: a day to maintain the fluid level. 

6. Neutron Production: Was monitored with a calibrated BF 3 

counter and multichannel analyzer. 

No significant neutron production 
above the background rate of 6 to 7 
counts per minute was measured. 

7. Tritium Content: Was tested by comparing the 

scintillation counts of electrolyzed 
D 2 0 and control volume of pure 
analytical grade D 2 0, each measuring 
about 10ml. Though the scintillation 


! 



count of the electrolytic cell D 2 O 
was slightly above that of the 
control D 2 0, the result was not 
deemed to be significant. The 
slight excess amount was assessed 
to be due to concentration of 
tritium by the electrolysis rather 
than added production. 

8. Calorimetric Were tried with the electrolysis cell 

measurements: immerced in a water bath contained 

in a Dewar flask, which in turn was 
kept in a constant temperature bath 
at around 25 degrees centigrade. The 
water equivalent of the contents of 
Dewar and that of the cell were 
measured. The cooling curve of the 
Dewar with the electrolysis cell 
was obtained. Calorimetric 
measurements were performed. The 
calorimetric measurements were 
typically conducted over an eight 
hour period. The input energy was 
taken to be excess voltage x current 
x time. The temperature increase, 
energy increase of the Dewar x the 
cell was estimated and corrected for 
heat loss. The result was that the 
temperature measurements did not 
indicate as high a cell temperature 
as expected even in normal 
conditions. Thus were some factors 
in the measurements unaccounted for 
associated with the open system 
conditions and most probably there 
was no significant excess heat 
production. 

As we did only a rough experiment, we were hoping for large 
effects. Had the Pd cathode been better degassed and correctly 
coated with Pd black, we might have obtained different and better 
results. At any rate, we decided to halt the experiment since it 
was not funded. Also, we hoped that the key parameter (s) that have 
caused the non-reproducibility of each experiment would be 
identified in labs doing more intensive work. Then we would be in 
a position to resume work. 



A NOVEL APPARATUS TO 
INVESTIGATE THE POSSIBILITY OF 
PLASMA-ASSISTED COLD FUSION 
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EXPERIMENTAL EVIDENCE OF ERRONEOUS HEAT PRODUCTION 
IN COLD FUSION EXPERIMENTS 


A. Bruggeman, M. Loos, C. Van der Poorten, R. Craps, R. Leysen, 
F. Poortmans, G. Verstappen, M. Snykers 


ABSTRACT 


In the course of an electrochemical loading "Fleischmann and Pons 
type" experiment, an excess heat production has been observed in the cold 
fusion laboratory of the Nuclear Research Centre in Mol, Belgium. This 
excess heat was not due to fusion reactions and could not be explained on 
physico-chemical grounds. 

An explanation is given on the basis of a hidden input of electrical energy 
from the power source, which is not revealed by the standard DC measure- 
ments. It consists of a low frequency AC current which is superposed on the 
applied DC current and may be generated by the occurrence of an oscillation 
instability in the electrical circuit of the cell. 

The actual excess heat production phenomenon could be reproduced during 
simulation experiments. 



1. INTRODUCTION 
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In the search of cold fusion based on electrochemical loading of 
palladium with deuterium, several research teams have observed an as yet 
unexplained excess heat production [Fleischmann and Pons [1], Appleby 
[2], Huggins [3], , Kainthla [4] and Gozzi (Univ. Rome)]. 

Attempts to explain this heat production were mainly based on electro- 
chemical or physico-chemical grounds. They were not conclusive [5] [6]. 
Soon after the Fleischmann and Pons observations became known to the 
public, similar electrochemical experiments were started at the Nuclear 
Research Centre S.C.K./C.E.N. The main aim of the programme was to 
investigate the origin of the excess heat production. Particular at- 
tention was paid to the possible influence of various electrochemical 
parameters. 

2. EXPERIMENTAL SET-UP 

The experiments have been performed in a specially equipped labo- 
ratory, with two cells running in parallel, one with Li0D-D,0 and one 
with Li0H-H 2 0. 

The heart of each set-up is a glass electrolysis cell with an outer 
diameter of 4.5 cm as shown by Fig. 1. As electrolyte solution 0.1 M 
LiOD in D 3 0 respectively 0.1 M LiOH in H,0 is used, which is similar to 
the one used by Fleischmann and Pons. The level in the cell is kept 
constant by regular addition of D,0 respectively H,0, except after samp- 
ling when 0.1 M LiOD in D,0 respectively 0.1 M LiOH is added. For both 
cells, the quantity of electrolyte solution is about 50 ml. 

The electrolysis cells are equipped with 3 electrodes : 

- A central palladium rod (Pd), or working electrode, which may be 
loaded cathodically with D (H). The Pd electrodes used are cylinder- 
shaped rods with a diameter of 0.4 cm and a length of 5.0 cm. At the 
top they are equipped with a 0.1 cm diameter Pd wire. This wire and 
also all parts emerging from the solution are electrically insulated. 
The used enamel constitutes also a diffusion barrier for deuterium 
(hydrogen). 



II 








as 




;-VV 




Assembly for D,0 electrolysis. In the middle : glass cell with 
working electrode (Pd), electrolyte bridge to the reference elec- 
trode ( Hg/HgO ) and counter electrode (Pt). Left and right of the 
cell : liquid scintillation detectors for neutron detection. 
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To keep the formed D 2 (H,) more or less separated from the formed 0, , 
a reversed glass funnel has been placed around the Pd wire and around 
the upper part of the Pd rod; this funnel is immersed in the liquid 
and allows the vertically bubbling D, (H, ) to escape. The Pd has been 
supplied by Johnson Matthey and has not been pretreated for the expe- 
riments realized up to now. 

- A platinum (Pt) electrode or counter-electrode, i.e. an electrode for 
closing the electrical circuit. This electrode consists of a Pt wire 
with a diameter of 0.1 cm and a length of about 25 cm; it is wound in 
a spiral around the Pd electrode at a distance of about 1 cm. 

- A Hg/HgO reference electrode, i.e. an electrode for controlling and/or 
monitoring the electrochemical process. The potential of the Hg/HgO 
reference electrode at 25°C in 0.1 M Li OH is + 0.166 V with respect to 
the standard hydrogen electrode. This reference electrode is connected 
to the electrolyte solution by means of a bridge of LiOD respectively 
L i OH solution. 

A well-determined potential E or current I is obtained by using 
Amel potentiostats/gal vanostats (model 550), and, if necessary, com- 
pleted by a function generator (Amel, model 567). 

Continuous and automatic recording of data is realized by means 
of a personal computer, a multichannel scanner (SCK type 702), a Schlum- 
berger Solartron voltmeter (model 7060) and the necessary hard- and 
software. 

It concerns the following data. 

: he potential difference, E^^, between reference and working elec- 
trode, with E pg.j: = - E w , in which E w is the potential difference of 
the working electrode compared with the reference electrode (Hg/HgO). 
The (cathode) potential of the working electrode compared with the 
standard hydrogen electrode is given by : 

E k = - E fef + 0.166 V = E w + 0.166 V (3.1) 

The total cell tension, U i.e. the terminal voltage between coun- 

cell' 

ter- and working electrode. - 
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- The cell current I. 

- The temperatures inside (T. ) and outside (T Qut ) the electrochemical 
cell, measured with Pt 100 thermistors not corrected for mutual devia- 
tions. 

All values are measured about every 15 s. An average value is recorded per 
adjustable time interval (usually 6 to 8 minutes). 

The neutron detection system consists of two independently working 
proton-recoil liquid scintillators, type NE213 (0=5 cm, h = 5 cm). The 
pulse-height spectra (2 x 2 K) are stored in a multichannel analyzer with 
multiplexer. The absolute efficiency of these detectors had been determin- 
ed previously for various neutron energies between 0.5 MeV and 16 MeV at 
the Van de Graaff accelerator of CBNM. Pulsed mono-energetic neutron beams 
were produced with the reactions T(p,n) He, D(d,n) He and T(d,n) He and a 
calibrated proton-recoil telescope was used as reference detector. 

The detectors are installed at a few mm from the D£0 cell so that 
the total efficiency for 2.5 MeV neutrons is 5 % per detector with a bias 

level at 1.2 MeV. Puls-shape discriminator is used to reduce the back- 

-3 

ground from gamma radiation. The total background per detector is 4.3 10 
counts per second with a bias of 1.2 MeV. 

An unshielded 3" x 3" Nal (Tl) detector, coupled to a multichannel 
analyser with a range of 0.1 to 10 MeV (Canberra series 35 plus), has been 
installed in the immediate vicinity of the D,0 cell for the measurement of 
the gamma-rays which might be created directly or by interaction (a.o. in 
the detector itself) of produced neutrons. 

The tritium activity of the used solutions 0.1 M LiOD in D 2 0 and 0.1 
M LiOH in H,0 before a test and the tritium activity in the cells after a 
test period, are measured by liquid scintillation counting with a precali- 
brated Packard Tri-Carb device (model 4430) equipped with DPM and Spectra- 
view options. It is supposed that possibly produced tritium finally (parti- 
ally) arrives in the solution. This hypothesis seems to be justified be- 
cause of the selective enrichment of lighter hydrogen isotopes in the pal- 
ladium and of heavier ones in the electrolyte solution [7, 8]. Further 
details concerning the experimental set-up can be found in ref. [9]. 


3. EXCESS HEAT PRODUCTION EXPERIMENT 
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In accordance with the ideas of Fleischmann and Pons [1], the 
main part of the experiments consisted in a continuous electrochemical 
loading of palladium electrodes with deuterium respectively hydrogen. 
Loading was carried out at controlled cathode potential, i.e. at a con- 
stant negative potential of the working electrode compared with the 
Hg/HgO reference electrode. A general survey of experiments performed is 
given in ref. [9]. 

The present report only deals with the experiments when excess 
heat production was observed. 

On 16.06.1989, after two months of experimentation, a sudden 
temperature rise occurred in both cells, as shown in Fig. 2. The two 
cells were than in operation for 46 h in conditions given in Table 1. 

The working conditions for both cells had been stable for the past 46 
hours. 



I 

U cel 1 

T . _ T I 

in out 

D 2 0 cel 1 

0.3 to 0.5 A 

4.0 to 4.7 V 

3 to 5°C 

H,0 cell 

0.2 to 0.25 A 

3.0 to 3.5 V 

1.0 to 1 . 5°C 


E = - 1.6 V compared with Hg/HgO 
Environmental temperature : 28-30°C 


TABLE 1 

Working conditions of the cells 


The heating of the cells corresponded with a power of more than 

( 


20 W. Yet, the measured values of I, U ce ^i and E rgf 


- E ) dropped to 


U cel 1 and 


E, were checked at the 


lower values than before [Fig. 3]. 
cell with a portable multimeter and the measured values corresponded 


w 
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with the recorded (low) values. On the basis of the measured values the 
dissipated heat had to be less than 0.4 W for both the D,0 and H,0 cell. 

After 1 h, when decoupling the function generator, the H,0 cell 
suddenly normalized. This had no effect on the D,0 cell. Replacement of 
the potentiostat had also no result. The D,0 system was no longer con- 
trollable and the cell had to be cooled by means of a cold air blower. 
For the DjO cell, this abnormal situation lasted for about 2 h, so that 
the dissipation may be estimated at 100 to 200 kJ. 

The potentiostats themselves also dissipated more heat than nor- 
mally. The PdD n (PdH n ) cathodes behaved rather normally but around the 
Pt counter electrode of the D,0 cell strings were formed. 

After about 2 h, normalization of the D,0 cell suddenly occurred 
when taking a 5 ml sample from the hot LiOD in D,0 solution in view of 
the tritium content measurements. 

The tritium activity in the D,0 cell was increased by about 65% 
to 2.6 Bq/g as compared with the initial tritium activity. Because of 
the known tritium enrichment in the electrolyte solution during elec- 
trolysis of D 2 0, the measured tritium concentration can not be con- 
sidered to be abnormally high. 


; course of this process of abnormal heat production, the 
neul _ jrement equipment did not show any evidence of a neutron 
production, however a previously non observed defect occurred in the 
gamma measurement circuit. An ordered peak pattern appeared in the 
channels corresponding normally with energies from 4 to 8 MeV. Above 8 
MeV still smaller peaks appeared. This was due to a temporary defect of 
the measurement equipment. 

On the basis of those observations it was clear that the excess heat 
was not produced by nuclear fusion reactions. 

There was also considerable doubt that it was due to a chemical reaction 
since an energy release of 100 to 200 kJ can be produced by the oxida- 
tion of 0.5 ml deuterium, or 10 times the maximum capacity of deuterium 
to be expected in the Pd D cathode. 
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For those reasons, the search was continued mainly in the direction of a 
hidden energy input e.g. an alternating current. 

4. EXCESS HEAT PRODUCTION SIMULATION 

Ostensible excess heat production may occur if an alternating 
current is superposed on the direct current which feeds the cell. 

The probability that this will be induced by the AC from the mains is 
very low since the DC power supply equipments are very well protected 
against this. An examination of the potentiostats and the pulse gene- 
rators did not reveal any defects. 

An other possibility is that the electrical circuit approaches an oscil- 
lation instability. 

An experiment was performed where an AC current with varying frequency 
was superimposed on the DC current. For a frequency of 50 Hz the ob- 
tained measurements were quite well in agreement with those observed in 
the June experiment. This component is not measured in standard electro- 
chemical experiments since the DC measurement equipment integrates over 
20 ms. 

A computer simulation of the electrical circuit, shown in Fig. 4, com- 
posed of the power source, the electrochemical cell and the feedback 
through the reference electrode (Hg-HgO) was performed in order to de- 
tect those components which may contribute to oscillation. This study 
showed that for the configuration used in the experiment an oscillation 
could be induced by a cascade of two integrations, one related to the 
working electrode and one to the feedback circuit. 

Based on those results, experiments have been performed on simulated and 
real cells. In the real cell the palladium was exchanged by platinum. 
The following parameters were varied : 

- the capacitance (Cref) at the reference input of the potent iostat; 

- the resistance of the electrolytic bridge (Rref); 

- the resistance of the connection (lead + contact) (Rcon) between the 
working electrode and the "working" input of the potentiostat. 

The results obtained with the real cell are shown in table 2. 

With a well functioning cell (good connections and low resistance of the 
electrolytic bridge) oscillation occurs with a capacity Cref of at least 
0.2 (iF near 80 Hz. 

This frequency lowers to near 50 Hz for a Cref of 0.47 |iF. 
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Fig. 4 : Electrical circuit of the connection of the potentiostat to the 
working cell (CEL) and the reference electrode (ref.). 

The extra resistances Rref and Rcon and the capacitance Cref are 
also shown. 
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TABLE 2 


Experimental results giving rise to oscillations 
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In case a bad connection (resistance of a few ohm) occurs between the 
working electrode and the potentiostat, the required capacitance for 
oscillation lowers to about 0.1 pF. 

If the resistance in the electrolytic bridge increases to a high value 
(e.g. 2 MOhm) and the rest of the cell is in good working condition, the 
cell continues to function properly. In this case a capacitance Cref of 
0.07 pF is sufficient to induce oscillation (at 32 Hz). 

If on top of this also a bad connection occurs as mentioned in a pre- 
vious case, the required capacitance lowers to 0.02 fxF for full power 
oscillation at 15 Hz and to 0.003 (xF for low power oscillation at 58 Hz. 

In the actual experimental set-M^-^'for the cold fusion 
experiments the modulation inputs of the potentiostats of the two cells 
were coupled to the pulse generator. The screening of the connection 
cable is connected to the sensitive side of the input. This particulari- 
ty of the modulation input of the potentiostats yields an electrical 
coupling between the two cell systems. It facilitates pick-up of exter- 
nal signals. In this case only a high resistance in the electrolyte 
bridge is sufficient to detect a considerable 50 Hz signal on top of the 
DC potential. 

If in this case also a bad connection of the working electrode and a 
high resistance^. fn the electrolytic bridge occurs, the required capa- 
citance for full power oscillation is lowered to 0.01 pF at 50 Hz. 

5. DISCUSSION 

Based on the electronic analysis of the systems, experimental 
evidence is given that a 50 Hz component may become superposed on the 
DC potential if some "faulty conditions" (perhaps supported by changing 
electrode capacitances) occur at the same time in the electrical circuit 
of the cell. This AC component will not be detected by the DC measuring 
equipment. 

The required capacitance, Cref, may be build up partially by the elec- 
trical connection lead between the power supply and the cell and a capa 
citance at the reference electrode. 

The high resistance at the reference electrode, Rref, can be caused by 
insufficient wetting of the electrolytic bridge or the presence 
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bubble. The cell continues to function properly, even with an increased 
"resistance in the feedback to the reference electrode. 

In case the near instability conditions have been established, the oscil- 
lation may be triggered by an 50 Hz perturbation coming from an external 
source. 

The actual energy input due to the 50 Hz AC component depends on the values 
of Cref, Rref and Rcon. 


6. CONCLUSION 

Excess energy has been observed during a Fleischmann and Pons type 
cold fusion experiment. 

This phenomenon may be explained on the basis of a hidden input of elec- 
trical energy, which is not revealed by the standard DC measurements done 
in this type of electrochemical experiments. 

The hidden electrical energy consists of a low frequency AC power which is 
superimposed on the applied DC power. It may be generated by the occurrence 
of an oscillation instability in the electrical circuitry of the cell in 
case certain faulty conditions build up. 

The actual excess heat production phenomenon could be reproduced in simu- 
lation experiments. 
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Tritium 


One branch of the D-D reaction produces 1 MEV tritons and 3 MEV 
protons. In conventional fusion reactions the branch to produce tritium is 
equal to the neutron production branch. All experiments to date , in the 
range above 1 KEV, show that this ratio is insensitive to the deuteron 
energy. Theory predicts that the ratio will not change significantly down 
to deuteron energies in the volt to millivolt range. In a few experiments 

l 

there have been direct searches for emitted high energy tritons or 

2 3 

protons ’ from electrolytic cells with Pd cathodes. These experiments give 
-1 -2 

fusion rates 10 ,10 and 1 times, respectively, lower than the neutron 
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production rate reported by Jones , 1 x 10 fusions/sec . /D - D pair. A 
number of searches have been made for the tritium accumulated during the 
electrolysis of D^O with palladium cathodes. In such experiments it is 
important to determine the initial tritium content of the D 2 O and take 
cognizance of the fact that the electrolysis of the D 2 O will enrich the 
natural occurring tritium in the heavy water. 

The detection of tritium by measurement of its beta decay is inherently 
a less sensitive probe of the D-D reaction than the direct measurement of 
neutron production or charged particle production. 10 7 tritium atoms give 1 
/3 particle per minute. 

Tritium is produced in the atmosphere by cosmic ray bombardment. Most 
of the cosmic ray produced tritium ends up in the oceans and in rivers. The 
"natural" abundance of tritium varies widely and was greatly increased by 
atmospheric testing of thermonuclear weapons in the '50s and in the early 
'60s. The order of magnitude of tritium in ordinary water is T/H - 10’ (1 

TU) . Sources vary from 1 to 200 TU. The production of heavy water from 

ordinary water is even more efficient in the enrichment of tritium than 
deuterium from the feed material. Most of the heavy water currently avail- 
able is produced by the - H^O dual temperature exchange process (GS 

process). The tritium content of fresh heavy water produced by the GS 
process is 68 dpm/ml. D 2 O/TU feed. Processes which are more efficient than 
the GS process in heavy isotope enrichment will have a minimum tritium 
specific activity of 50 dpm/ml. D 2 O/TU feed. Heavy water currently being 
sold on the open market has a specific activity in the range 120 - 180 
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dpm/ml. D^O. There are sources with a specific activity as high as 10 
dpm/ml . D 2 O . 

Most of the work done to date on the search for tritium produced in the 
electrolysis of D 2 O in cells with palladium cathodes has been done in open 
cells. The measurements are frequently limited to assays of the specific 

activities of the starting D 2 O and the electrolyte after electrolysis. In 

general, there have been periodic additions of D 2 O to replace the D 2 O decom- 
posed to form palladium hydride and D 2 (g). To determine how much tritium, 
if any, has been produced requires a complete inventory of the tritium at 
the beginning and end of the experiment. From the data on the current and 
duration of the electrolysis it is possible to estimate the amount of D 2 O 
which has been electrolyzed. Electrolysis will enrich the tritium in the 
D 2 O of an electrolytic cell. The amount of enrichment is primarily a func- 
tion of the amount of water electrolyzed for a given type of cathode. It 
can reach a factor of 5 when 95% of the initial charge of water is 
electrolyzed. Thus a careful analysis of an electrolytic experiment must be 
carried out if one is to interpret tritium specific activities after 

electrolysis below 1000 dpm/ml. D„0 as anything other than electrolytic 

s 1 

enrichment . 

Null Experiments 

Most of the work reported to date on the search for excess tritium 
produced in electrolytic cells can be accounted for by the electrolytic 
enrichment process. This includes the original report by Fleischmann and 

6 78 91011 12 13 14 15 

Pons , and experiments at ANL, ’ BNL, ’ ’ Cal Tech, CRNL, INEL, LLNL, 

16 1718 19 20 21 22 

NRL , ORNL, ’ Sandia, SRL, Texas A & M, and Utah. 

Tritium Bursts 

A small number of experimenters report occasional irreproducible 
amounts of excess tritium in their D„0 samples taken from their electrolytic 

^ 23 

cells after days of operation. This includes observations by Storms at 

17 18 

Los Alamos and Fuller and Scott at ORNL. The ORNL experiments show 

single cases of an excess of tritium which is of short duration, aftejr 

which the cell returns to background level. Storms reports excess tritium, 

100 times background, in two cells out of fifty. 

Closed Cells - Correlation with Excess Heat 
10 13 18 21 

Four different groups ’ ’ ’ have now looked for tritium production 

in closed electrolytic cells. These experiments detect all the tritium from 
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the electrolytic process with the exception of that which may be contained 

in the Pd cathode. In general, the deuterium inventory in the cathode is 

negligible compared with the D 2 0. Only that tritium formed within the 

cathode and which remains there because of slow diffusion is unaccounted 

for. There is no electrolytic enrichment of the tritium in the make up D 2 0. 

In these experiments the total amount of excess tritium found in the total 

D 2 0 is less than 10 4 T atoms/sec. If this tritium is produced by the D - D 

reaction, then the maximum amount of excess power (cold fusion power) is 
s 22 

10’ 3 milliwatts. In one experiment in an open cell there was a heat burst 
of 35 watts for 90 minutes (187,000 joules). The tritium was measured after 
the burst and no excess above the electrolytic enrichment was found. 
Clearly the heat burst does not comes from the D-D reaction. 

High Levels of Tritium 

Two groups ’ find tritium at levels of 10^ to 10 ^ T atoms/ml. D 2 0 
after periods of electrolysis of the order of hours. This amount of tritium 
cannot be produced by electrochemical enrichment with the D 2 0 volume reduc- 
tions reported. The results of the Bockris group at Texas A & M for cells 
in which excess tritium was found are given in Table 1 of their paper, 
reproduced here. Excess tritium is not found in all of their cells. A 
lisitng of cells in which no excess tritium was found is given in their 
Table 4. The Bockris cells are 0.1 M in LiOD and have nickel anodes. They 

precipitate nickel oxide during the electrolysis; some nickel is also 

electroplated out on the palladium cathode. In one experiment, A8 , the 

specific activity of the D 2 gas produced by the electrolysis was measured. 
It is 100 times that of the electrolyte. D 2 (g) containing tracer amounts of 
tritium and in equilibrium with D 2 0(1) has a specific activity of 0.6 that 
of the liquid D 2 0. If the tritium is formed during electrolysis, then this 
result suggests that it is formed in the chemical species DT and that the 

tritium in the liquid D o 0 is the result of hot atom processes or slow 
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isotopic exchange of the DT(g) with D 2 0(1) . Wolf et. al . at Texas A & M 

have looked for neutron production in Bockris type cells. An upper limit to 

their neutron production rate is 1 neutron/second, which is 10 times that 

2 4 

of the tritium production rates reported by Packham et. al. This large 

discrepancy from the usual equal production rates for neutrons and tritons 
leads one to question whether the excess tritium found in the electrochemi- 
cal cells results from the D - D nuclear reaction. Another source of 
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concern is the fact that 1 MEV tritons will react with deuterium to produce 

14 MEV neutrons. With the claimed triton production rate, 10^ 

tritons/sec., one should find (number to be inserted by RLG) neutrons/sec 

2 8 

from the D - T reaction in these cells. 

The most extensive and systematic search for tritium in the 

2 1 

electrolysis of D 2 O with Pd cathodes has been carried out by Martin at 
Texas A & M. He has used both open and closed cells. His cathodes come 
from either Johnson & Mathey, the major supplier, or Hoover and Strong, who 

24 

supplied the cathodes to the Bockris group. He has operated cells with 

Pt, Ni wire and Ni gauze (obtained from Bockris) anodes. In none of his 

cells does he find any excess tritium beyond that expected from electrolytic 

enrichment. Nor does he find any neutrons. Two of his cells produced 

excess heat but no tritium. In short, he has been unable to reproduce the 

results of the Bockris group. 

2 6 

The BARC group have found amounts of tritium comparable to the 

Bockris group in the D 2 O electrolyte from cells in which electrolysis was 

carried out for a few days with currents varying between 1 to 100 amperes. 

The BARC group also looked for neutrons using BF^ counters embedded in 

paraffin. They report neutron bursts of up to 100 neutrons in a 100 n 

- 8 

second time interval. Their integrated neutron yield is 10 times that of 
their integrated tritium yield. 

The BARC group have also looked for neutrons in the thermal cycling of 
Ti pressurized with D 0 gas. They report neutron emissions for periods of 30 
minutes to 7 hours after cycling between room temperature and 77 K. 
Autoradiograhs of the Ti targets from these experiments show intense spots 
which the authors attribute to beta emission from the decay of the tritium 
embedded in the Ti lattice. 

Conclusions 

The experiments carried out to date, which include the large number of 
null experiments, the few experiments which are irreproducible and in which 
excess tritium is found, and the large ratio of tritium to neutron produc- 
tion in these experiments, do not provide convincing evidence for the 
production of tritium by cold fusion phenomena. Additional experiments are 
desirable to clarify the origin of the excess tritium which is occasionally 
observed. 
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TABLE 1 

CELL IDENTIFICATION, ELECTRODE TREATMENT, SOLUTION TYPE AND TRITIUM ACTIVITY 
OF ELECTROLYTE SAMPLES PERFORMED ON 1219 LSC 


CELL ELECTRODE SOLUTION 

PRETREATMENT 3 


CORRECTED 3 H 
ACTIVITY (dpmml " X ) 


A1 

A2 


No treatment 


0.1M LiOD 


A3 

A4 

A5 

A6 

A7 


A8 


B3 (3mm) 
B5 (3mni) 


No treatment 0.1M LiOD + 0 . ImM NaCN 

After 16 days at 50 mAcm' 2 then 
for 8 hours at 500 mAcm' 2 (5/1/89) 

50 mAcm' 2 for 4 days (5/5/89) 

50 mAcm' 2 for 3 hours, 110 mAcm" 2 for 
2 hours, 200 mAcm' 2 for 20 minutes (5/6/89) 
50 mAcm' 2 (5/7/89) 

(5/7/89 - 5/13/89) 

(5/13/89 - 6/6/89) 

Anneal • 0 . 1M LiOD 

Anneal 0.1M LiOD + O.lmM NaCN 

Acid Etch 0.1M LiOD 

Acid Etch 0.1M LiOD + O.lmM NaCN 

Electrochemical 0.1M LiOD 

Before high current density 
After 2 hours at 500 mAcm -2 
After 6 hours at 500 mAcm'^ 

After 12 hours at 500 mAcm -2 

Electrochemical 0.1M LiOD + O.lmM NaCN 

After 16 days charging and 8 hours 
high current density (5/1/89) 

Electrolyte levels after 6 weeks 
at 50 mAcm' 2 

Recombined gas levels after 2 weeks 
of external recombination at 50 mAcm' 2 


Anneal 
Acid Etch 


CELL 1 (6mm) No treatment 


0.1M LiOD 
0.1M LiOD 
0.1M LiOD 


3.8 x 10 4 


168 

134 

1.1 x 10 4 

1.4 x 10 4 

1.1 x 10 4 

7.5 x 10 3 

4.9 x 10 6 

1.2 x 10 5 
3.7 x 10 6 

3.3 x 10 4 


102 

5223 

5.0 x 10- 
7.6 x 10 f 


192 

5.0 x 10 5 

5.0 x 10 7 
6.3 x 10 4 

48 

117 


a Key for electrode surface pre-treatment : Anneal - annealing at 800 °C, 10*° 

torr, 8 hours; Acid etch in 5M HC1, 15 minutes; Electrochemical oxide 
removal, 2 hours 
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TABLE 4 

DETAILS OF CELLS THAT PRODUCED NO TRITIUM 
WITH 1410 LSC (CORRECTED ACTIVITY) 


EXPERIMENT 


dpmml 

3mm x 3cm Ti Cathode in 0.1M LiOD 
with internal gas recombination 


275 

3mm x 3cm Pd Cathode in 0 . 1M LiOD 
with internal gas recombination 


235 

3mm x 3cm Ti Cathode in 0.1M LiOD 


285 

with Internal gas recombination 

•.a" 

0.5mm x 1cm Pd Cathode in 0.1M LiOD 
with internal gas recombination 

,<r 

55 

4mm x 2mm Pd disc Cathode in 0.1M LiOD 
with internal gas recombination 

365 

0.5mm x 1cm Pd Cathode in 0.1M LiOD 
with external gas recombination 


315 

(recombined gases measured) 

* 



1mm x 4cm Pd Cathode in 0.1M LiOD 
with external gas recombination 
(recombined gases measured 7/18/89) 


75 

1mm x 4cm Pd Cathode in 0 . 1M LiOD 
with external gas recombination 
(recombined gases measured 7/21/89) 

• ' 

33 

1mm x 4cm Pd Cathode in 0.1M LiOH (H 2 O) 
No gas recombination 


0 

1mm x 4cm Pd Cathode in 0.1M LiOH (H 2 O) 
No gas recombination 
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Department of Chemistry 
State University of New York at Stony Brook 
Stony Brook, New York 11794-3400 
(516) -632-7905 
BITOET: JBIGElEKaSBCQML 
FAX: 516-632-7960 


20 September 1989 


Professor Kevin Wolf, 

Cyclotron Institute, 

Texas A & M University, 

College Station, Texas 77843-3366 


Dear Kevin, 

I am preparing the section on ''TRITIUM'' for the final ERAB Panel report 
on cold fusion. I have reports from Bockris and Martin at Texas A & M on 
their tritium work. I understand that you have also made some tritium 
measurements on your own. If so, would you kindly complete the attached 
questionnaire which has been prepared by the panel and circulated by the 
chairman, Prof. John R. Huizenga. J2T 

For those few cases where people have observed tritium I am trying to 
estimate the secondary neutron production from the well known D + T reac- 
tion. For this purpose could ypou furnish me with the following information 
concerning your neutron measurements: 

1. volume of D 2 0 in cell 

2. neutron counter efficiency 

3. counter geometry factor 

4. neutron counting rate (including those cells that gave tritium and 
those that did not. 

I would appreciate a prompt response. Thank you. 



faccib Bigeleisen 


xc: W. Woodard 
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Date: 20 September 1989, 10:42:09 EDT 

From: (R.L.Garwin (914) 945-2555) RLG2 at YKTVMV 

. IBM Fellow and Science Advisor to the Director of Research 


From: (R.L.Garwin 

. IBM Fellow and Science 


' P.0. Box 218 


Yorktown Hts, NY 10598 


To: (Jacob Bigeleisen 


(516) 632-7905) 


JBIGELEI at SBCCMAIL 


HOFFMAN at LBL.GOV 
K00NIN at CALTECH 
SCHIFFER at ANLPHY 
SMITH at ANLPHY 

Subject: Thick-target yield of neutron from T on metal deuterides (correction 
Reply-To : RLG2 at WATSON 

Please replace yesterday's similar communication with this one: 

For determining the 14-MeV neutron output from a 1-MeV recoil triton, 
we can refer to J.E. Bounden, et al, NUCLEAR INSTRUMENTS AND MET0HDS , 

Vol. 33, 283-288 (1965). They built an tube accelerating 50:50 D-T 
against an Erbium target ErDITl and found thick-target yields stable in 
time at more than 10**8 neutrons per microcoulomb, for beam energies above 


If one does not require stability against T replacing D in the target 
(the reason Jim Coon devised the mixed D-T beam), one accelerates T against 
a D- loaded target and picks up a factor 2 in neutrons per microcoulomb; 
since the mixed-beam vs. mixed target reacts each incident T only against 
target D, and each incident D only against target T. 

Thus the yield is 2xl0**8 / 6x10**12 or 3.3xl0**-5 neutrons per triton. 

This is for Er with Z=68, loaded with two hydrogens each. Titanium with 
Z=22 and two hydrogens will be at least twice as productive, and even 
TiD will give as many neutrons as ErD2. Pd with Z=46 (as PdD) will still 
give at least 2xl0**-5 neutrons per incident triton. 

Recoil tritons will provide at least as many neutrons as will a 200 keV beam, 
because every triton will have the 200 keV trajectory at the end of its range 
in addition to the high-energy tail of the resonance. 


about 200 keV. 




Dick Garwin 
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Protons 

Working Draft prepared for Cold Fusion Panel Working Grorp on 
Fusion Products, Darleane C. Hoffman, UCBerkeley & Lawi en::e 
Berkeley Laboratory. e-mail address! Hoffmanlllbl.gov. F2,X ft 
415-486-4515. 

A few experiments 1-4 to measure the 3 MeV protons ai d/ or 
the 1 MeV tritons produced in the reaction, D(d,p)T, have been 
reported.^ A variety of different methods has been used, bud tiie 
lowest limit on charged-particle production appears to be that 
set by Price et al. 1 using plastic track detectors. Their ;et jp 
was designed so that the light water control cell matchec tie 
heavy water cell as closely as possible. Cathodes of 25-mic: *om s- 
ter-thick Pd sheet with a 100 nm Au diffusion barrier evaporated 
on the side which faced the plastic (CR-39) detector, and" a: tod as 
of 2 micrometer Pd evaporated on 100 nm Au on microscope slides 
were used. The light water control cell contained 1 M Li 01 C aid 
H 2 0 and the other cell contained 1 M LiOD and D 2 0. Electrolysis 
was performed for 13 days, and the cathode stoichiometr; ■ was 
determined to be Pd(H,D) 0 s . Both cells showed track produc- 
tion rates which agreed and were consistent with the alpha- 
particle emission rate for native Pd foils due to trace ppm) 
impurities of the natural U-238 and Th-232 decay chains; 
however, no tracks due to protons with energies between 0.2 
and 3 MeV or tritons with energies between 0.2 and MeV 
were found. From these data Price et al. set limits oi. tie 
fusion rate of less than 0.002 per cm** per second. This ”al ae 
results in an upper limit of 8.3' x \o -26 fusions per dd pair 
per second. This is about an order of magnitude lower than the 
limits obtained using Si surface barrier (SSB) techniques. 

A limit on the fusion rate of 0.0281 per cm 3 per second :sr 
1.2 x 10 fusions per dd pair per second was obtained by 2ei- 
gler et al. 2 using a SSB technique. Porter et al.' 3 used l SSB 
detector to view the back of a 76 micron thick Pd foil cathode 
in a heavy water electrolysis cell. They obtained a limi ; of 
less than 6 x 10 -25 protons per dd pair per sec at the 2 sigma 
level; chemical analysis of their electrolytes showed no evidence 
for anomalous increases in tritium concentrations. Sundq/int et 
al. also used s( SSB technique to detect protons. The detector 
was placed close to Pd foil cathodes which were thin enouuh to 
allow all the protons produced to escape from the foil. Al’l of 
their runs gave a result of 0 within the statistical errors, 
resulting in a fusion rate of (-2.1+/-2.2) x 10“ 24 \ if a bulk 
process is assumed. 

Recently, Rehm et al. 4 , have reported using a proportion- 
al counter to search for charged particles from electrolytic 
cells with Pd and Pt electrodes in 0.1 M LiOD in D 2 C . Thsy 
obtained an upper limit of 4 x 10-23 fusions per dd pair p;gr 
second, not as low as the limits using the other methods. 
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CONCLUSIONS 


J variety of experimental techniques has been usee 
searches for charged particles; all of them set vTry lo* { 
on fusion occunng via the D(d,p)T channel. Host oHLsa re 

tl 1 ^ °2+. fUS i°7 5 ia thlS channel that are considerably 
than Jones et al.‘s 5 value of (i.qo+/-0.82)x 1C-23 fusio :i 

Jd pair per second for the D(d,n)^Ha channel obtained froS 
^or^Sirv^u") (S ™' S « vist et «*• the nncer 

. The Wer limit of Price et al. of 8 x 10-26 fusions o 
pair per second is much below the average low rate inferred 
the neutron measurements of Jones et al.» and even tho< 

charaed extremely low limits which the searche 

part * cles P la ee on the production of charged part 
(either protons or tritons) is clearly inconsistent -b 
reported production of tritium via the cold fusion reaction. 

‘iust ( tal?ni e w?5h r ^ lt J 5°? ld be appended here.) ' ; 5flso, I 
talkad with Buford Price and he will have some new re< 

s2t ?i T ?° r * S ey did on silage cracks in Si i) i 

set limits for fusion which are a factor of 30 lower than 

sssrj^.srj'TcH! by a Russian group - 1 

1 <0 

■p P p •n T?vr a 

»Search B *for r i Ce ' % 5 W * ® arwick ' w * *• Williams, and j. D . Poi 
Search for Energetic Charged Particle Emission from Deute 

Ti and Pd Foils", Phys. Rev. Lett., submitted 7-14-89 
carail/ Ti Z T leg fi er T T n^' J * J ' Cuomo ' v - Brusic, < 

Lett 9 ? M, 2929 (l»8.°. 8Ulll ^5y “ d “• A ' Marwick ' »y«. 
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m* wi-i- P °ifv er 'c A * sh i i ? ab ^ E idin / H, Bossy, F. J. Echegs 
nr Nltscbke > s * Prussm, J. o, Rasmussen, and M. A. «t< 
n L o ^ S f 1 f < r trom agnetic and Particle Emission for Pal] ad 

LBL 2757 ^ r °T y i tlC TiiQ 11S ''l ,^ awrence Berkeley Laboratory Prep 
LBL 27523, July 1989, submitted to J. Fusion Technology. 

4. B. U. R. Sundqvist , P. Hdkansson, A. Hedin, R. V. Bucui 

Johansson, and R, Wappling, Uppsala University, Sweden, prer 

15 ,l 9 s! P aooepted for publication in Phys i ca s cr ipt a # 
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5. s. E. Jones, E. P. Palmer, j. B. Czirr, D. L. 
737^1989)* M " Th ° rne/ S * P * Ta y l0 ^ and J, Rafelski 


Decker, G. L. 
, Nature , 


°* M ®rilove, M. M. Fowler, E. Garcia, A. Haver M c 
Hiller, R, R. Ryan, and S. E. Jones, "Measurement of Neu;rcn 
Emission from Ti and Pd in Pressurized D 2 Gas and D-sO ElectrDl\- 

I™* 1 ™ 0 ! National Laboratory Report LA-UR~S9-1 574 , 
submitted to Nature, June, 1989. * 
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Richard L. Garwin 
IBM Research Division 
Thomas J. Watson Research Center 



P.O. Box 218 

Yorktown Heights, NY 10598 

(914) 945-2555 


September 19, 1989 


Mr. John P. Schiffer 
Physics Letters B 

Editor of Experimental Intermediate- 
Energy and Heavy-Ion Nuclear Physics 
Physics Division - 203 
Argonne National Laboratory 
Argonne, IL 60439-4843 

Dear John, 



Draft for John Schiffer. I will put this into final form for our group 
after I return 10/07/89 from Italy and the Soviet Union. 


Fusion Products: Neutrons. 
(R.L. Garwin Draft of 09/19/89) 


Neutrons are both expected and observed from observations of nuclear 
fusion of d+d. In the fusion of beams of d on heavy ice targets, or on 
metal hydrides, almost one 2.45 MeV neutron is produced (with an accom- 
panying He-3), for every triton (with an accompanying proton). This 
near-equality of neutron and proton branches of the d+d reaction is a 
reflection of the basic symmetry of nuclear forces between proton and 
neutron, disturbed only slightly at the MeV energies of the emerging 
particles, by the Coulomb interaction which is not symmetrical between 
proton and neutron. 

Even at the low reaction energies typical of muon -catalyzed fusion 
(something like 3 keV above zero relative kinetic energy) , the branching 
ratio is still nearly 1:1. So if cold nuclear fusion is to occur, and 
particularly if tritium is seen in abundance, it should be expected that 
neutrons would be emitted. 


DETECTABILITY OF NEUTRONS. Neutrons are very convenient particles to de- 
tect, since they interact only with the nuclei of atoms and so can emerge 
from reaction vessels of substantial size unscathed and without having 
lost any energy. Similarly, large counters can be used without the 
problem of thin entrance windows, since neutrons enter into the mass of 
the counter without difficulty. 

More specifically, neutrons can be detected either at their initial energy 
in the MeV range ("fast"), or after they have lost energy by successive 
collision with light material-- particularly hydrogen ("moderation.") The 
detection of fast neutrons can be achieved by photomultiplier tubes 
viewing the proton recoil in plastic or liquid scintillation material. 
Slow neutrons (those that have lost almost all their kinetic energy and 
are in thermal equilibrium at room temperature) are conventionally de- 
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tected by the charged particles produced when the neutron is captured with 
high probability in the nucleus of an atom of B-10 (producing an alpha 
particle), or in a He-3 nucleus, producing a recoil proton. A noble gas, 
He-3 is used in the form of a proportional counter, while boron can be 
used either in the form of BF3 proportional counters or in the solid form, 
with the boron immersed in plastic or inorganic scintillator viewed by 
photomultiplier . 

Additionally, neutrons can be detected after moderation by their capture 
in some material of very high capture cross section (like cadmium Cd) , 
which produces several gamma rays that may, in turn, be detected by a 
photomultiplier viewing a scintillation detector. Similarly, neutrons 
moderated in water are almost entirely captured on the protons ("radiative 
capture") , giving rise to a deuteron plus a gamma ray of energy for the 
threshold of photodisintegration of the deuteron-- 2.2 MeV, 

Finally, moderated neutrons may be captured in a trace element in the 
moderator (silver is a detector of choice) to produce a radioactive ma- 
terial that can be transported away from the experimental apparatus and 
counted separately with high efficiency at low background. The emitted 
radiation is typically a beta ray (negative electron) , or a characteristic 
gamma ray following the beta decay. 

Of course, the world has enormous experience since the 1930s in detecting 
neutrons and in detecting neutrons from the d+d fusion reaction. 

SELECTION OF DATA. In what follows, we have tried to use published mate- 
rial, where available, or material formally prepared for publication and 
presented at formal meetings or as preprints distributed without re- 
striction as to citation. It is important to include not only positive 
results (those that claim the detection of neutrons) but also negative 
results (those that have attempted to replicate the experimental proce- 
dure of others who find neutrons, but who fail to detect neutrons at a 
level of sensitivity substantially better than those who do find neu- 
trons). Furthermore, in the case of the claimed detection of neutrons, 
the author of this subsection has in every case attempted to contact by 
telephone, letter, or FAX, the experimental group to determine their 
present knowledge of the production of neutrons. 

Initial claims . The UU group in its initial publication 

**RLG cite** claimed the detection of neutrons from d+d by virtue of 
the gamma ray emitted by the capture of the moderated neutron in the water 
bath surrounding the electrolytic cells. A very narrow peak of the 
pulse-height spectrum from the Nal scintillator was shown in the report, 
**RLG reproduce** at the expected energy of 2.2 MeV. The text, however, 
claimed that the expected energy was 2.5 Me\(" 

**RLG check** and so narrow a window of the overall scintillation 
spectrum was shown that the reader could make no judgment as to the re- 
ality of the peak. 


These very questions were taken up by a group at MIT, 

**RLG cite Petrasso publication** who showed that the photo peak at 
2.2 MeV obtained at MIT from Cf spontaneous fission neutrons moderated 
in water and radiatively captured on protons is accompanied by other peaks 
from natural background that enable one to calibrate the energy,. and— 



successive 



between UU and MIT groups in ther:sr±en£i£±e«=±±t- 
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erature have demonstrated with high probability that the claimed de- 
tection of neutrons by the proton capture gamma ray at UU has been an 
artifact of the experimental apparatus . 


The original publication from BYU presented the detection of neutrons as 
the sole experimental evidence for the existence of cold nuclear fusion. 
The neutrons were detected in a two-stage neutron counter-- first by the 
proton recoil in organic scintillator, followed within a few tens of 
microseconds by a signal from the capture of the moderated neutron on 
boron viewed by the same photomultipliers . This double detection of a 
single neutron serves substantially to reduce the ambient background due 
to gamma rays , although there remains background in the experiment due 
to gamma rays and due to real neutrons from cosmic rays and other sources. 
The group at BYU has cto^sgifeCb attempt to vary the experimental conditions 
in order to obtain a greater rate of d+d fusion, and so has not presented 
much more data than the original paper on the detection of neutrons with 
that counter. In fact, BYU has been working in collaboration with other 
groups, notably at LANL, and also with a group at Yale University. The 
original claim of neutron detection five standard deviations above the 
background is somewhat reduced in statistical strength if one considers 
the degrees of freedom that are fixed by the presentation of a peak in 
one of a number of experiments and at a particular energy, and the like. 
Ordinarily, however, such a significant result can be brought up from the 
background by using different counting or detection equipment or by re- 
ducting background through improved shielding or by moving to underground 
site, or the like, xrt U, L 

Typical of the - latte r^ is work presented by the group at Sandia National 
Laboratory, 

**RLG cite** in which a site was found with substantially less back- 
ground and results presented as follows for the neutrons produced in 

“-Recite- 1151011 ' l 

ry 

Many claims have been made for the production and detection of neutrons 
produced in electrochemical cells, but these claims almost uniformly have 
been withdrawn or moderated by the discovery of difficulties with the 
counter-- particularly with the BF3 counters used. In some cases, the 
counters are sensitive to humidity; in others to microphonic noise (vi- 
bration); or to other afflictions. 






Dry fusion. 



Results presented in April 1989 by a group at Frascati 

**RLG cite** opened an entirely new opportunity for the observation of 
d+d cold nuclear fusion. In this work,/ deuterium gas at 60 atmospheres 
pressure (60 bar) was allowed to contact titanium lathe turnings in a 
stainless steel reaction vessels — -^£53^ allowed the temperature of the 
sample to be varied either by heating or by cooling. No neutrons were 
observed from the hydriding reaction at room temperature or at elevated 
temperature, when viewed by a nearby BF3 counter. However, after cycling 
to nitrogen temperature, bursts of counts were obtained from the counter- - 
typically on the order of 20 counts per burst emerging over a period of 


/ 
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60 microseconds. One set of data was presented on counts obtained by 
cycling to nitrogen temperature, showing neutrops essentially only in 
these bursts, * ** 

A totally different type of neutron emission was claimed by the Frascati 
group following warming from nitrogen temperature over one weekend. A 
bell-shaped curve rising to a peak of 300 neutrons per ten-minute counting 
interval is reproduced below. 

**RLG do** This, of course, is an important experimental result, and 
provoked great effort toward verification both at Frascati and at else- 


where. In a telephone conversation of 09/12 




**RLG cite** the author was informed by%. Martone at Frascati that 
there has been no confirmation of either the burst results or of the 
continuous neutron emission from the d-Ti system or from any other dry 
fusion activity at Frascati. In addition, electrochemical cells operated 
without producing observable numbers of neutrons, and their operation was 
terminated during the month of July. v\> 

A group at LANL has conducted dry fusion work with Ti and Pd, and has 
presented results both at the Santa Fe meeting and in a preprint.^, 

This group at==£A$Jii uses high-efficiency systems that moderate any fast 
neutrons emitted from experimental cells, detecting the moderated thermal 
neutrons in He-3 gas counters. 

**RLG check** Bursts of neutron counts are sometimes observed 
3000-5000?? seconds after the sample is removed from liquid nitrogen, 
at a time when the sample temperature is typically -30 G. Although such 
experiments were reported at the Santa Fe workshop in May, as of 09/18/89 
**RLG check with Men love.** no experiments have been done with 100% 
hydrogen gas replacing deuterium, and the natural check of splitting the 
counters among two counting channels has not been performed either, If 
a burst of 50 counts is observed in 187? counters operated in parallel, 
then if those counters were randomly assigned (9 and 9) to two independent 
recording channels, that same burst of neutrons would be expected to 
produce on the order of 25 counts in each of the two channels. There is 
essentially zero statistical likelihood that one set of 9 counters would 
produce 25 or 50 counts, while the other set immersed in the same moder- 
ators would have no counts during the tens of microseconds during which 
the neutrons might be emerging djqto the counters . 

ifust this powerful and simple check has been used by a group at Sandia 
National Laboratory 

**RLG cite** which has used counters split among three channels in order 
to guard against burst of counts that might otherwise be taken to be due 
to bursts of neutrons. In fact, in their measurements using deuterium 
gas on Ti or Pd, the Sandia group has on occasion seen bursts of counts 
in one counter set, unaccompanied by bursts of counts in the interspersed 
counters. They caution, " 

**RLG quote** 

Under favorable low-background conditions, Sandia has also looked for 
neutrons from electrochemical cells with the following results: 

**RLG quote** 


At the Santa Fe workshop, Moshe Gai of Yale presented results obtained 
in collaboration with Brookhaven National Laboratory, in which no neu- 
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trons were detected from electrolytic cells. Steven Jones of BYU agreed 
to provide to the Yale group his best efforts at a neutron-producing cold 
fusion apparatus, in a collaboration much to be encouraged between those 
who claim to be producing neutrons and those with a demonstrated capa- 
bility of detecting neutrons from other sources. This collaboration has 
indeed proceeded, in a fruitful and satisfactory fashion, with a dry 
fusion source-- four cells of 60 grams of materials (each?), with several 
choices of Ti and other metals. Thus, the Steve Jones collaboration with 
Yale involves 7 investigators at Yale, and 130 hours of experimental data 
have been recorded on tape. Fast neutrons are detected in liquid 
scintillators, with 6 counters above the plane of the source and 6 below. 
Each count has a measured pulse shape and pulse height, and arrival time 
sufficiently accurate to do time of flight analysis, so that a single 
neutron has its kinetic energy overdetermined. The data can be played 
back in any of 3 modes : 


In playback in mode 1, two events are observed that might be interpreted 
as neutron bursts (with 5 counters and 6 counters respectively providing 
signals); but two similar "events" are observed without samples present. 
Data are very likely to be available by the time of our panel meeting in 
Chicago; at present all that can be said is that nothing sticks up above 
the background in "high background" mode, which is probably about ten 
times more sensitive than measurements at LANL. 

Finally, a conference report from the Bhabha Atomic Research Center, 


provides text and tabulated results from several groups at BARC. These 
scientists report large amounts of tritium from electrolytic cells, dis- 
cussed in the "tritium" section of this report. As for neutrons, Fig. 1 
of the BARC report shows counts from neutron detectors observing a large 
electrolytic cell£', with the large peak at the right providing an esti- 
mated 2xl0**7 neutrons in the 5 minutes following overpower trip of the 
electrolyzer. Fig. 2 of the BARC report shows dry fusion He-3 counter 
output during gradual rise of temperature of 20 g of Ti while deuterium 
gas was being pumped off. 

It is also commented that samples could be loaded with deuterium gas at 
1 bar and 900 C, and that "one such disc-shaped button loaded on Friday 
16th June began emitting neutrons on its own, almost 50 hours after 
loading. It produced (about) 10**6 neutrons over a 85 -minute active 
phase. The background neutron counter did not show any increase in counts 
over this time." 


Playback modes for Yale neutron spectrometer. 



1. High efficiency-- 22% efficiency but "high background" 


2. Intermediate-- 2% efficiency but intermediate background 


3. Low background-- ?? efficiency but ’’very low background." 


"Cold Fusion Results in BARC Experiments, by P.K. Iyengar, 
Fifth International Conference on Emerging Nuclear Energy Sys- 
tems (ICNES V), Karlsruhe, FRG (July 3-6, 1989) 
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In a Telex of 09/13/89 from P.K. Iyengar, the author has learned that BARC 
"observes neutron production in bursts" and that counters with silver 
cathodes have detected neutrons by activation of the cathodes . 


SECONDARY NEUTRON PRODUCTION. There are problems of consistency between 
the number of tritium atoms found in some of these experiments and the 
number of neutrons detected. For instance, in the BARC Table 1, line 1, 
8x10**15 atoms of tritium are cited. If that was over a period of 4 hours, 
the production rate was some 5x10**11 per second. Ordinary d+d fusion 
would have produced a similar number of neutrons, but the text indicates 
only 2xl0**7 neutrons, for a branching ratiogUof 0.3xl0**-8. The BARC 
abstract itself reads, "The total quantity of tritium generated corre- 
sponds to about 10**16 atoms suggesting a neutron to tritium branching 
ratio less than 10**-8 in cold fusion." f ^ 

But .pie tritium is presumably born at 1 MeV recoil energy, and at least 
half of the tritons are directed into a "thick target" of deuterated Ti 
The yield of 14-MeV neutrons from the reaction t+d=n+He-4 is about 
~~2- x 1 Q*“ = j — per incident tritium, so that the neutrons observed are only 
1/1000 as many as should have been generated by the nascent tritium alone. 


-> 
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Almost equally striking is the sentence in the BARC report, "Neutron and 
tritium production has been confirmed in all these cells as well," indi- 
cating that several groups at BARC have no difficulty in obtaining fusion 
products, whereas many groups in the U.S. have been unable to obtain any 
signs of fusion with extended efforts over many weeks. 


*** In the opinion of the author (Garwin) , the BARC report is the only 
significant evidence for neutron emission from electrolytic cells or from 
dry fusion. I will pursue the actual report. *** 


Sincerely yours, 




Richard L. 


cc : 


Garwin 
jeleisen. 


* 


J. Bigeleisen, Stony Brook (Via BITNET to JBIGELEI AT SBCCMAIL) 
D. Hoffman, Berkeley (Via BITNET to HOFFMAN AT LBL.GOV) 

S.E. Koonin, CalTech (Via BITNET to KOONIN AT CALTECH) 

J.P. Schiffer, Argonne (Via BITNET to SCHIFFER AT ANLPHY) 

W.L. Woodard, DOE (Via FAX to 9 (202) 586-3119) 


RLG: jtml : 262?4JPS : 091989 . JPS 


PRBIT SCRIPT Q1 dated 89/09/19 15:02:23 Page 



Thus the yield is 4xl0**8 / 6x10**12 or 7xl0**-5 neutrons 
Recoil tritons will provide at least as many neutrons. 
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&EXIT 

THIS FILE HAS BEEN RECEIVED FROM BITNET 

The file may be executable. Before removing this header you 
must understand what the code will do. You must also have 
the appropriate intellectual property agreements in place 
before receiving the code into IBM. 

If you have any questions, contact your manager. 


The contents of the file has been shifted right by one character. 

Filename=(none) Filetype=(none) RECFM=F LRECL=80 Records=37 
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Date: Fri, 15 Sep 89 14:15 EDT 
From : JBIGELEI SEN@SBCCMAIL . B ITNET 
Subject: Tritium in Cold Fusion 
To: RLG2@YKTVMV. BITNET 
X-VMS -To : in%"RLG2@YKTVMV . B ITNET" 


State University of New York at Stony Brook 
Stony Brook, NY 11794-3400 

Jacob Bigeleisen 

Professor 

Chemistry 

516-632-7905 

15-Sep-1989 02:06pm EDT 

FROM: JBIGELEISEN 

TO: Remote Addressee ( _SCHIFFER@ANLPHY . BITNET ) 

CC: Remote Addressee ( _RLG2@YKTVMV . BITNET ) 

SUBJECT: Tritium in Cold Fusion 

John: 

Thanks for your BITNET message of 13 September 1989 with your 
calculation of the secondary neutron yield. Today I received section 
M of the external reports from Bill Woodard. It is AZPH-TH/89 by 
Harley and Rafelski dated 29 August 1989. It comes to the same 
conclusion: Kevin Wolf is in trouble. His neutron and tritium 

measurements are self inconsistent. I also received a report from 
Martin, who is doing independent work at Texas A&M. He has now run 
many cells, some with and some without gas recombination. He uses the 
same Pd and Ni anodes as Bockris and finds no tritium. I now have 
detailed reports from the Oak Ridge groups. 

My trip to Japan has been postponed. I will be updated ray 
tritium report to include all the above as well as other additional 
information, including the ANL work, which arrived after I prepared 
the 7 September draft. I will be sending you this material early in 
the week of 18 September. JAKE. 
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FOR: DR. RICHARD L GARWIN IBM RESEARCH DIVISION THOMAS J WATSON 
RESEARCH CENTER NY 10598 

FROM: DR P K IYENGAR DIRECTOR BARC BOMBAY INDIA 
(FAX NO. 2048476) 

DEAR DR. GARWIN: 


THANK YOU FOR YOUR TELEX OF SEPTEMBER 7, 1989. SINCE THE 
PRESENTATION OF MY PAPER AT THE KARLSRUHE MEETING WE HAVE CONTINUED 
TO EXPERIMENT WITH PALLADIUM AND TITANIUM, BOTH BY ELECTROLYSIS 
AND GAS ABSORPTION. WE CONSISTENTLY SEE TRITIUM AS WELL AS NEUTRON 
PRODUCTION IN BURSTS. THE SAME CELLS WITH HIGHER CURRENT HAVE 
PRODUCED NEUTRON BURSTS AS WELL AS TRITIUM BURSTS. BURSTING NATURE 
OF TRITIUM PRODUCTION ALONG WITH NEUTRONS HAS BEEN OBSERVED BY 
US RECENTLY WITH CELL 1 IN TABLE 1 BY USING AN ON-LINE TRITIUM 
MONITOR ALONG WITH A NEUTRON DETECTOR. THIS TIME WE USED GM 
COUNTERS WITH SILVER CATHODES TO DETECT NEUTRONS BY ACTIVATION. 

MEW CELLS HAVE ALSO BEEN SUCCESSFUL. THE AUTORADIOGRAPHIC TECHNIQUE 
HAS BEEN TRIED OUT WITH GAS LOADED PALLADIUM FOILS AND HAS SHOWN 
SIMILAR RESULTS AS DESCRIBED IN MY PAPER EXCEPT THAT WE DO NOT 
SEE SPOTS IN THE CASE OF PALLADIUM. 

AS REGARDS YOUR QUERY REGARDING BRANCHING RATIO, IT IS 
TRUE THAT ENERGETIC TRITONS SHOULD PRODUCE 14 MEV NEUTRONS IN THE 
PALLADIUM MATRIX. THE BRANCHING RATION OF 10&8.-S QUOTED IN OUR 
PAPER WAS DEDUCED USING ONLY THE NEUTRONS OBSERVED DURING BURSTS. 
HOWEVER, IF ADDITIONAL AMOUNT OF NEUTRONS POSSIBLY PRODUCED BETWEEN 
BURSTS BUT SUBMERGED IN THE BACKGROUND IS TAKEN INTO CONSIDERATION 
ALONG WITH THE TOWER EFFICIENCY FOR DETECTION OF 14 MEV NEUTRONS, 
THE NEUTRONS TO TRITIUM BRANCHING RATION WOULD BECOME SOMEWHAT 
HIGHER, PERHAPS 108.8.-6 OR 108.S.-5. ALTHOUGH THE INCONSISTENCY 
MENTIONED BY YOU WOULD D I SAPPER IT WOULD IMPLY THAT BULK OF THE 
NEUTRON PRODUCED WOULD BE OF 14 MEV ENERGY. WE ARE, THEREFORE, 
TRYING TO MEASURE THE SPECTRUM OF NEUTRON EMISSION CAREFULLY. 
HOWEVER, IT MAY ALSO TURN OUT THAT THE INTEGRATED PROBABILITY OF 
A ( TD ) REACTION CAUSED BY TRITONS RELEASED WITHIN THE LATTICE 
MAY BE DIFFERENT COMPARED TO MEASURED BEAM TARGET VALUES. IN ANY 
CASE THE ABOVE ARGUMENTS WILL LEAD TO THE CONCLUSION THAT THE TRUE 
BRANCHING RATIO IN THE (DD) FUSION IS SMALLER THAN 108.8.-8 FOR 
NEUTRON 

PRODUCTION CONFIRMING THAT COLD FUSION IS ESSENTIALLY ANEUTRONIC 
IN NATURE. 

AS REGARDS THE CONSOLIDATED BARC REPORT, IT IS STILL 
UNDER PREPARATION EVENTHOUGH SEVERAL PARTS OF IT ARE READY. I SHALL 
MAIL IT TO YOU THE MOMENT THIS IS COMPLETE, HOPEFULLY WITHIN A 
FEW WEEKS. 


LET ME ALSO ENDORSE YOUR OBSERVATION ’ ’SCIENCE MARCHES ON" 
IN SPITE OF GOOD AND BAD REPORTS. 

WITH BEST WISHES, 


SINCERELY YOURS 


P . K . I YENGAR 
OVER PL ACK 

TwMRrBDrU Vli-UR lltl 


Energy Research Advisory Board 

to the 

United States Department of Energy 
1000 Independence Avenue, S.W. 
Washington, D.C. 20585 
(202) 586-5444 


September 11, 1989 


To: Cold Fusion Panel 

Subject: October 13 Meeting 

The Hilton Hotel at Chicago's O'Hare airport does not have a conference room 
large enough to accommodate our group, so the meeting will be at the: 

Hampton Inn O'Hare 
3939 North Mannheim Road 
Schiller Park, IL 60176 
Telephone 1 -800-444-8448 

A block of rooms has been reserved under "ERAB Cold Fusion" but I suggest you 
call to confirm your reservations, especially if you will be arriving late. 

The Inn is about two minutes from the airport, and they have courtesy van 
service from the airport outside the lower level baggage claim area. 

The rate is $49 plus tax including a continental breakfast which will be 
available outside our meeting room. There will also be a working lunch. 

There is no other meal service at the Inn but for those arriving the evening 
before I am told there are several places to eat within walking distance. 

The meeting will begin promptly at 8:00 a.m. and should adjourn at 5:00 p.m. 
or shortly thereafter. The conference room assigned us will be posted on the 
Inn's Calendar of Events. 


Wf mam L. Woodard 

Secretary 

Cold Fusion Panel 
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Tritium 

Report Prepared for the ERAB Panel on Cold Fusion 
Jacob Bigeleisen 
Department of Chemistry 
State University of New York, Stony Brook 
Stony Brook, New York 11794 - 3400 



7 September 1989 



Tritium 


One branch of the D - D reaction produces 1 MEV tritons and 3 MEV 

protons. In conventional fusion reactions the branch to produce tritium is 

equal to the neutron production branch. All experiments to date , in the 

range above 1 KEV, show that this ratio is insensitive to the deuteron 

energy. Theory predicts that the ratio will not change significantly down 

to deuteron energies in the volt to millivolt range. In a few experiments 

there have been direct searches for emitted high energy tritons or 
2 -1 -2 . 

protons. These experiments give fusion rates 10 and 10 , respectively, 

lower than the neutron production rate reported by Jones , 1 x 10 
fus ions/sec. /D - D pair. A number of searches have been made for the 
tritium accumulated during the electrolysis of D 2 O with palladium cathodes. 
In such experiments it is important to determine the initial tritium content 
of the D 2 0 and take cognizance of the fact that the electrolysis of the D 2 0 
will enrich the natural occurring tritium in the heavy water. 

The detection of tritium by measurement of its beta decay is inherently 
a less sensitive probe of the D - D reaction than the direct measurement of 
neutron production or charged particle production. 10 7 tritium atoms give 1 
f}~ particle per minute. 

Tritium is produced in the atmosphere by cosmic ray bombardment. Most 
of the cosmic ray produced tritium ends up in the oceans and in rivers. The 
"natural" abundance of tritium varies widely and was greatly increased by 
atmospheric testing of thermonuclear weapons in the '50s and in the early 
'60s. The order of magnitude of tritium in ordinary water is T/H « 10 (1 

TO). Sources vary from 1 to 200 TO. The production of heavy water from 
ordinary water is even more efficient in the enrichment of tritium than 
deuterium from the feed material. Most of the heavy water currently avail- 
able is produced by the H 2 S - H 2 0 dual temperature exchange process (GS 
process). The tritium content of fresh heavy water produced by the GS 
process is 68 dpm/ml. D 2 0/TU feed. Processes which are more efficient than 
the GS process in heavy isotope enrichment will have a minimum tritium 
specific activity of 50 dpm/ml. D 2 0/TO feed. Heavy water currently being 

sold on the open market has a specific activity in the range 120 - 180 

4 

dpm/ml. D 2 0. There are sources with a specific activity as high as 10 
dpm/ml. D 2 0. 



Most of the work done to date on the search for tritium produced in the 
electrolysis of D 2 0 in cells with palladium cathodes has been done in open 
cells . The measurements are frequently limited to assays of the specific 
activities of the starting D 2 0 and the electrolyte after electrolysis. In 
general, there have been periodic additions of D 2 0 to replace the D 2 0 decom- 
posed to form palladium hydride and D 2 (g) . To determine how much tritium, 
if any, has been produced requires a complete inventory of the tritium at 
the beginning and end of the experiment. From the data on the current and 
duration of the electrolysis it is possible to estimate the amount of D 2 0 
which has been electrolyzed. Electrolysis will enrich the tritium in the 
D 2 0 of an electrolytic cell. The amount of enrichment is primarily a func- 
tion of the amount of water electrolyzed for a given type of cathode. It 

can reach a factor of 5 when 95% of the initial charge of water is 

electrolyzed. Thus a careful analysis of an electrolytic experiment must be 
carried out if one is to interpret tritium specific activities after 

electrolysis below 1000 dpm/ml. D„0 as anything other than electrolytic 

4 z 

enrichment . 

Most of the work reported to date on the search for excess tritium 
produced in electrolytic cells can be accounted for by the electrolytic 

enrichment process. This includes the original report by Fleischmann and 

5 6 7 8 9 

Pons , and experiments at BNL , ORNL , Sandia and Cal Tech. 

A small number of experimenters report occasional irreproducible 

amounts of excess tritium in their D„0 samples taken from their electrolytic 

t- 9 

cells after days of operation. This includes observations by Storms at Los 
Alamos and Scott 7 a and Fuller 8b at ORNL. In these experiments the 

specific activity of the tritium in the D 2 0 shows an increase of about a 
factor of 5 - 100 above the initial specific activity. Each of these inves- 
tigators have numerous experiments carried out in identical cells which show 
no increase in the tritium specific activity above the electrolytic enrich- 
ment level. 

McBreen at BNL has carried out one experiment in a closed cell, with 

total recombination of the D 2 and 0 2 . 120 ml. of 1 M D 2 0 was electrolyzed 

at a current of 1 ampere for four months. The tritium specific activity 
increased from 153 dpm/ml D 2 0 to 202 dpm/ml. D 2 0. The deuterium inventory 
in the Pd cathode and in the gas phase is negligible. Thus the enrichment 
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does not come from the isotope effect in electrolysis. This experiment 
gives a net increase of 6 x 10 T atoms/sec. or 6 x 10 T atoms /Faraday . 

Two groups ’ find tritium at levels of 10^ to 10 T atoms/ml. D 2 O 
after periods of electrolysis of the order of hours. This amount of tritium 
cannot be produced by electrochemical enrichment with the D 2 O volume reduc- 
tions reported. The results of the Bockris group at Texas A & M for cells 
in which excess tritium was found are given in Table 1 of their paper, 
reproduced here. Excess tritium is not found in all of their cells. A 
lisitng of cells in which no excess tritium was found is given in their 
Table 4. The Bockris cells are 0.1 M in LiOD and have nickel anodes. They 
precipitate nickel oxide during the electrolysis; some nickel is also 
electroplated out on the palladium cathode. In one experiment, A8 , the 
specific activity of the D 2 gas produced by the electrolysis was measured. 
It is 100 times that of the electrolyte. D 2 (g) containing tracer amounts of 
tritium and in equilibrium with D 20 (l) has a specific activity of 0.6 that 
of the liquid D 2 0. If the tritium is formed during electrolysis, then this 
result suggests that it is formed in the chemical species DT and that all 
the tritium in the liquid DgO is the result of slow isotopic exchange of the 
DT(g) with D20(l) 14 . Wolf et. al. at Texas A & M have looked for neutron 
production in Bockris type cells. An upper limit to their neutron produc- 
tion rate is 1 neutron/second, which is 10 times that of the tritium 

12 

production rates reported by Packham et. al. This large discrepancy from 

the usual equal production rates for neutrons and tritons leads one to 

question whether the excess tritium found in the electrochemical cells 

results from the D D nuclear reaction. Another source of concern is the 

fact that 1 MEV tritons will react with deuterium to produce 14 MEV 

neutrons. With the claimed triton production rate, 10 10 tritons/sec., one 

should find (number to be inserted by RLG) neutrons/sec from the D - T 

1 6 

reaction in these cells. 

The BARC 1 group have found amounts of tritium comparable to the 
Bockris group in the D 2 0 electrolyte from cells in which electrolysis was 
carried out for a few days with currents varying between 1 to 100 amperes. 
The BARC group also looked for neutrons using BF^ counters embedded in 
paraffin. They report neutron bursts of up to 100 neutrons in a 100 
second time interval. Their integrated neutron yield is 10 times that of 
their integrated tritium yield. 
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The BARC group have also looked for neutrons in the thermal cycling of 
Ti pressurized with T> 2 gas. They report neutron emissions for periods of ^30 
minutes to 7 hours after cycling between room temperature and 77 K. 
Autoradiograhs of the Ti targets from these experiments show intense spots 
which the authors attribute to beta emission from the decay of the tritium 
embedded in the Ti lattice. 

Conclusions 

The experiments carried out to date, which include the large number of 
null experiments, the few experiments which are irreproducible and in which 
excess tritium is found, and the large ratio of tritium to neutron produc- 
tion in these experiments, do not provide convincing evidence for the 
production of tritium by cold fusion phenomena. Clearly additional experi- 
ments are desirable to clarify the origin of the excess tritium which is 
occasionally observed. 

References 

1. F.P. Price, S.W. Barwick, W.T. Williams and J.D. Porter, Phys . Rev. 

Lett. (1989). 

2. B.U.R. Sundquist, P. Hakansson, A. Hedan, R.V. Bucur , B. Johansson and 
R. Wappling, Physica Scripta, 15 May 1989 

3. S.E. Jones et. al., Nature 338 , 737 (1989). 

4. J. Bigeleisen, "Tritium Enrichment in the Electrolysis of D 2 0" , Workshop 
on Cold Fusion Phenomena, Santa Fe, N.M. 22-25 May 1989. 

5. M. Fleischmann and S. Pons, J. Electroanalytical Chem. , 261 , 301 (1989). 

6. See J. Bigeleisen, Report of 29 August 1989 on visit with H. Wiessman on 
17 August 1989. 

7. (a) C.D. Scott, ORNL Memo of 29 August 1989 to B.R. Appleton. 

(b) E.L. Fuller, ORNL Memo of 29 August 1989 to B.R. Appleton. 

8. A. Narath, Sandia Memo of 28 August 1989 to W. Woodard DOE (ERAB) . 

9. N. Lewis, California Institute of Technology Memo of 28 August 1989 to 
W. Woodard DOE (ERAB). 

10. Letter from R.J. Jensen, ADR: 89-364, to Jacob Bigeleisen 18 August 
1989. 

11. J. McBreen (BNL) , private communication to J. Bigeleisen, 7 September 
1989. 

12. N.J.C. Packham, K.L. Wolf, J.C. wass, R.C. Kainthla, and J.O'M. Bockris , 
J. Electroanalytical Chem., in press. 


4 



13. P.K. Inyengar, "Cold Fusion Results in the Bombay Atomic Research Center 
(BARC) Experiments". Paper presented at the Fifth International Conference 
of Emerging Nuclear Energy Systems (ICENES V). Karlsruhe, 3-6 July 1989. 

14. J. Bigeleisen, letter of 26 Auguat 1989 to J.O'M. Bockris. 

15. K.L. Wolf, N. Packham, J. Schoemaker, F. Cheng and D. Lawson. Proc. of 
the Santa Fe Cold Fusion Workshop, in press. 

16. R.L. Garwin, private communication. 


5 



9 


TABLE 1 

CELL IDENTIFICATION, ELECTRODE TREATMENT, SOLUTION TYPE AND TRITIUM ACTIVITY 
OF ELECTROLYTE SAMPLES PERFORMED ON 1219 LSC 


CELL ELECTRODE SOLUTION 

PRETREATMENT 3 


CORRECTED 3 H 
ACTIVITY (dpmml" 1 ) 


Al 


No treatment 

0.1M LiOD 

3.8 

x 10' 

A2 


No treatment 

0.1M LiOD + O.lmM NaCN 





After 16 days at 50 

mAcm' 3 then 





for 8 hours at 500 i 

mAcm' 3 (5/1/89) 


168 



50 mAcm' 3 for 4 day 

s (5/5/89) „ 


134 



50 mAcnT^ for 3 hours, 110 mAciiT z for 





2 hours, 200 mAcm"^ 

for 20 minutes (5/6/89^ 

1.1 

x 10 



50 mAcm' 2 (5/7/89) 


1.4 

x 10‘ 



(5/7/89 - 5/13/89) 


1.1 

x 10' 



(5/13/89 - 6/6/89) 


7.5 

x 10 

A3 


Anneal 

0.1M LiOD 

4.9 

x 10 

A4 


Anneal 

0.1M LiOD + O.lmM NaCN 

1.2 

x 10 

A5 


Acid Etch 

0.1M LiOD 

3.7 

x 10' 

A6 


Acid Etch 

0.1M LiOD + O.lmM NaCN 

3.3 

x 10' 

A7 


Electrochemical 

0.1M LiOD 





Before high current 

density 

102 



After 2 hours at 500 mAciiT z 

5223 



After 6 hours at 500 mAcm' 3 

5.0 

x 10 



After 12 hours at 500 mAcm' 3 

7.6 

x 10 

A8 


Electrochemical 

0.1M LiOD + O.lmM NaCN 





After 16 days charging and 8 hours 

192 



high current density (5/1/89) 





Electrolyte levels after 6 weeks 

5.0 

x 10- 



at 50 mAcm" z 






Recombined gas levels after 2 weeks 





of external recombination at 50 mAcm 3 

5.0 

x 10 

B3 

(3mm) 

Anneal 

0.1M LiOD 

6.3 

x 10' 

B5 

(3mm) 

Acid Etch 

0.1M LiOD 


48 

CELL 1 (6mm) 

No treatment 

0.1M LiOD 

117 


•- ■■■ - g - 

3 Key for electrode surface pre- treatment : Anneal = annealing at 800 °C, 10 

torr, 8 hours; Acid etch In 5M HC1, 15 minutes; Electrochemical oxide 
removal, 2 hours 



TABLE 4 

DETAILS OF CELLS THAT PRODUCED NO TRITIUM 
WITH 1410 LSC (CORRECTED ACTIVITY) 


EXPERIMENT 


dpmml ~ 

3mm x 3cm Ti Cathode in 0 . 1M LiOD 
with internal gas recombination 


275 

3mm x 3cm Pd Cathode in 0 . 1M LiOD 
with internal gas recombination 


235 

3mm x 3cm Ti Cathode in 0 . 1M LiOD 
with internal gas recombination 


285 

0.5mm x 1cm Pd Cathode in 0 . 1M LiOD 
with internal gas recombination 


55 

4mm x 2mm Pd disc Cathode in 0 . 1M LiOD 
with internal gas recombination 


365 

0.5mm x 1cm Pd Cathode in 0.1M LiOD 
with external gas recombination 
(recombined gases measured) 

♦ « 


315 

1mm x 4cm Pd Cathode in 0 . 1M LiOD 
with external gas recombination 
(recombined gases measured 7/18/89) 


75 

1mm x 4cm Pd Cathode in 0 . 1M LiOD 
with external gas recombination 
(recombined gases measured 7/21/89) 

' 

33 

1mm x 4cm Pd Cathode in 0 . 1M LiOH (H 2 O) 
No gas recombination 


0 

1mm x 4cm Pd Cathode in 0.1M LiOH (H£0) 
No gas recombination 
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UNIVERSITY OF 

ROCHESTER 


(71 6) 473-6889-* 

• COLLEGE OF ARTS AND SCIENCE 

DEPARTMENT of chemistry 


John R, Huisenga 
Tracy H, Harris Professor 


September 5, 1989 


Professor T, Kenneth Fowler 
Department of Nuclear Engineering 
University of California, Berkeley 
Berkeley, California 94720 
Fax 41 5-643-968 § 


Dear Ken: 


In addition to the items in the Introduction-of our Interim Report (paragraph 2 may require some 
updating), we may want to include some of the following items in the introduction of our final report. 

1. A statement that from the outset two very different claims were made, namely large amounts of 
excess heat (Fleischmann and Pons) in the watt range (which, if nuclear fusion, requires the 
liberation of some 10^ particles per second) and a very low-level neutron intensity by Jones 

fu/hirh If fln^lpor fi>c1nn in*13 nrnH in nn nn n HAitmaN 


W Ox 


(which, if nuclear fusion, produces only 10**3 watt ^ j s 0 f no interest as a power source). 
Furthermore, the initial release of Fleischmann and Pons contained a major discrepancy of over a 
billion between the claimed intensities of the excess heat and nuclear particles and required an, as 
yet, unknown nuclear process for consistency. The Jones et al claim did not adequately differentiate 
whether lhelr reported neutrons were coming from bursts or by random emission (some statement 
like this will allow us to treat the bursts under the Jones et al claims), In a sense some of the above is 
now in the second paragraph of our Interim Report, however, it should be restated to emphasize 
how different the two initial claims really were. 


2. Some history of earlier work such as that of Paneth and Peters loading of Pd with hydrogen gas, the 
electrolysis of I^O by Tandberg to get H into a Pd electrode (and after deuterium was discovered in 
1932, his electrolysis of D 2 O), and something about muon catalyzed fusion and the reason it hasn’t 
produced useful energy. 

3. A table of low-energy reactions of hydrogen isotopes including Q values, branching ratios, reactions 
per second per watt of energy output, etc. Somewhere in the Introduction it should be emphasized 
that if a reported excess heat is to be ascribed to nuclear fusion then it is absolutely essential to 
establish the presence of fusion products (preferably more titan one such product) at the required 
corresponding intensities. Furthermore, from an experimental point of view the positive detection of 
particles is orders of magnitude more sensitive than the detection of excess heat. 


467 Hutchison Hall 
University of Rochester 
Rochester, New York 14627 
(716) 275-4217 
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Sincerely, 



JohnR, Hulzenga 


CC: J. Gavin, Jr. Fax 516-575-3631 

S.E. Koonin Fax 818-564-8708 
W. Woodard Pax 202-586-31 19 
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Richard L. Garwin 
IBM Research Division 
Thomas J. Watson Research Center 
P.0. Box 218 

Yorktown Heights, NY 10598 
(914) 945-2555 


September 5, 1989 
(Via Airborne Express) 


Dr. William L. Woodard 
Cold Fusion Panel Secretary 
Energy Research Advisory Board 
to the 

United States Department of Energy 
1000 Independence AVenue, S.W. 
Washington, DC 20585 


Dear Bill, 

I write primarily to enclose 
D.R.O. Morrison. Would you 
distributed to the Panel. 






COLD FUSION 
please see 


NEWS No. 19 
that this 


by 

is 


For your information, I have received no response to my 
letter of 08/16/89 to Professors Fleishmann and Pons; you 
distributed this to the Cold Fusion Panel with your note of 
08/21/89. 

Incidentally, as far as the appendix to our Panel report is 
concerned, it should list my visit of 06/09/89 to Frascati 
(Rome), Italy. S/ \ 

I have read the paper by P.K. Iyengar, Cold Fusion Results 
in BARC Experiments, which you distributed 08/28/89. I want 
to comment only on the stated branching ratio of "less than 
10**-8" between the neutron branch and the proton branch of 
the d + d reaction. On this remark, I need quantitative 
support from Koonin or Schiffer. The problem, of course, is 
that d + d produces tritium of 1 MeV, accompanied by a 
proton of 3 MeV. If you refer to page 9 of COLD FUSION NEWS 
No. 19, you see Morrison arguing that the 3 MeV protons 
would give large numbers of neutrons from the charge 
exchange reaction p + n = n + p, but as indicated in my 
enclosed letter to Etienne Roth the protons actually have 
insufficient energy to produce neutrons from deuterons in 
this way. The problem is that the p + n is bound in a 
deuteron with 2.2 MeV energy, but p + p product state (after 
charge exchange) is not bound. 


Also Adjunct Professor of Physics at Columbia University 
(Views not necessarily those of IBM or Columbia) 
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On the other hand, the 1 MeV tritons as they slow down 
certainly will cause a very substantial yield of 14 MeV 
neutrons from the d in the cathode. Note that this would be 
the case whether the tritium is produced on the surface or 
in the interior of the cathode, since the tritium nuclei 
directed into the bulk would cause this reaction. It seems 
to me that the yield would be more like 10**-5 than 10**-8, 
which indicates to me that wherever the BARC tritium comes 
from, it is not d + d reaction. Note that this is true even 
if (especially if) the fusion took place in moments of hot 
fusion, during the disruption of the material as hydrogen 
was introduced. 

I will try to contact P.K. Iyengar at the Bhabha Atomic 
Research Centre for more information, but I don't guarantee 
results . 

Finally, I enclose a paper I received from Dr. Michael 
Danos. Perhaps you already have it. Here is also a copy of 
a question I sent him, and his reply just received. 

Sincerely yours, 

Richard L. Garwin 
Enel : 

08/25/89 COLD FUSION NEWS No. 19 by D.R.O. Morrison. 

( 082589DROM) 

07/18/89 LTR RLG to E. Roth re branching ratio in 
fusion. (071889.. ER) 

07/24/89 LTR M. Danos to RLG re "Coulomb Assisted Cold 
Fusion in Solids." (072489.. MD) 

08/11/89 LTR RLG to M. Danos. (081189.. MD) 

08/21/89 LTR M. Danos to RLG. (082189.. MD) 
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